This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


Digitized  by 


Google 


► 


Digitized  by 


Google 


kio.S 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


,y  Google 


Digitized  by 


Google 


THE 

JOHNS  HOPKINS  HOSPITAL 
REPORTS 


[  Digitized  by  VjOOQIC 


Digitized  by 


Google 


THE 


Johns  Hopkins  Hospital 


Reports 


VOLUME  XX 


BALTIMORE 
The  Johns  Hopkins  Press 

1921 


Digitized  by 


Google 


Digitized  by 


Google 


THE 


Johns  Hopkins  Hospital 


Reports 


VOLUME  XX 


BALTIMORE 
The  Johns  Hopkins  Press 

1931 


Digitized  by 


Google 


OOPTUOHT,   lOSO 

OOPTBIOHT,  1921 

BT 

THE  JOHNS  HOPKINS  PRESS 


BAIfflMOBl,  MD,,  V.  S.  A. 


Digitized  by 


Google 


^'« 


i 


( 


Digitized  by 


Google 


Digitized  by 


Google 


CONTENTS 


I.  The  Pathology  of  the  Pneumonia  In  the  United  States  Army  Camps 

During  the  Winter  of  1917-18.    William  G.  BCacCallum 1 

II.  Pathological  Anatomy  of  Pneumonia  Associated  with  Influenza. 

William  G.  MacCallum 149 

III.  Lymphosarcoma.    Lymphatic  Leukemia.    Leucosarcoma.    Hodg- 

kin's  Disease.    Leslie  T.  Webster 261 


399114 

Google 


Digitized  by  ^ 


Digitized  by 


Google 


ILLUSTRATIONS 

1.  Microscopic  sections  and  gross  specimens  from  lungs  in  the  pneu- 

monia in  the  United  States  Army  Camps  in  1917-18 147 

2.  Microscopic  sections  and  gross  specimens  from  lungs  in  pneumonia 

associated  with  influenza 249 

3.  Sections  of  glands  from  cases  of  lymphosarcoma,  lymphatic  leu- 

luamia,  leucosarcoma,  and  Hodgkin's  Disease 814 


Digitized  by 


Google 


Digitized  by 


Google 


u 


THE  PATHOLOGY  OF  THE  PNEUMONIA  IN  THE  UNITED 

STATES  ARMY  CAMPS  DURING  THE  WINTER 

OF  1917-18.* 
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{From  the  Pathological  Department  of  Johns  Hopkins  University,  Baltimore.) 

Plates  1  to  53. 

(Received  for  publication,  Aiigust  15, 1918.) 

L   HISTORICAL  SURVEY. 

The  gathering  together  of  great  numbers  of  men  in  the  United 
States  Army  camps  furnished  conditions  for  an  extensive  outbreak  of 
measles  which  was  quickly  followed  by  a  rather  unfamiliar  form  of 
pneumonia. 

The  Geographical  and  Historical  Pathology  of  Hirsch,  the  volume 
on  Epidemics  in  Haeser's  History  of  Medicine,  and  other  standard 
books  that  treat  of  the  history  of  disease  show  that  this  is  only  one  of  a 
great  nmnber  of  epidemics  of  pneiunonia  which  have  been  recorded 

*  These  studies  have  grown  out  of  the  work  of  two  Commissions  sent  out  by 
the  Surgeon  General  of  the  United  States  Army  for  the  investigation  of  epidemics 
of  pneumonia  among  the  troops.  The  first  Commission  was  composed  of  Rufus 
Cole,  W.  G.  MacCallum,  Oswald  T.  Avery,  Contract  Surgeons,  United  States 
Army,  Captains  A.  R.  Dochez  and  R.  A.  Kinsella,  and  Lieutenants  F.  G.  Blake, 
T.  M.  Rivers,  William  C.  von  Glahn,  J.  John,  and  F.  A.  Stevens.  The  preliminary 
report  of  the  activities  at  Fort  Sam  Houston,  Texas,  during  February  and  March 
appeared  in  The  Journal  of  the  American  Medical  Association,  1918,  Ixx,  1146. 
The  second  Commission,  which  was  composed  of  W.  G.  MacCallum,  Contract 
Surgeon,  Captain  A.  W.  Sellards,  and  Lieutenants  H.  M.  Thomas,  Jr.,  and 
A.  B.  Lyons,  worked  at  Camp  Dodge,  Iowa,  during  May,  1918.  A  brief  sum- 
mary of  the  activities  of  this  Commission  was  presented  at  the  meeting  of  the 
^r>  American  Medical  Association  in  Chicago,  in  June,  and  appeared  in  The  Journal 
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2  PNEUMONIA  IN  ARMY  CAMPS 

since  at  least  the  16th  century.  It  is  difficult  to  decide,  however, 
as  to  the  identity  of  the  pneumonia  with  what  was  described  by  con- 
temporary writers  in  those  long  past  epidemics,  since  they  usually 
limited  themselves  to  the  mention  of  a  few  symptoms  followed  by  a 
lengthy  discussion  of  their  treatment  of  the  cases.  Few  performed 
autopsie3  or  recorded  desa:^)tions  that  can  be  recognized.  Never- 
theless, their  writings  suggest  that  in  many  of  the  epidemics  they 
must  have  been  dealing  with  the  same  condition  that  has  existed  dur- 
ing the  past  winter. 

In  the  16th  century  there  were  many  epidemics  throughout  Italy, 
beginning  in  1535  and  sweeping  over  the  whole  peninsula.  In  Switz- 
erland it  was  known  as  the  malignant  stitch,  or  AlpensHch,  and  by  1576 
it  had  spread  over  Western  Emrope. 

The  attack  began  with  a  chill,  pain  in  the  head  and  chest,  and  a 
cough  which  was  at  first  dry  but  afterwards  attended  with  expectora- 
tion. The  patient  became  delirious  or  fdl  into  a  stiqK>r;  loose  evacua- 
tions followed,  and  death  occurred  on  the  6th  or  7th  day,  or  if  the  dis- 
ease was  protracted  over  the  9th  day  the  prognosis  was  good.  Massa 
described  pleural  effusions,  and  G)iter  states  that  in  all  the  cases 
idiich  he  described  he  found  the  lungs  filled  with  putrid  blood,  tur- 
gid, and  indurated,  while  Dodonxus  writes  that  abscesses  were  fre- 
quent in  the  lungs.  In  the  17th  century  there  were  similar  epidemics, 
and  several  authors  report  finding  serous  and  blood-stained  effusions 
in  the  pleura  and  pericardium,  and  the  lungs  in  part  condensed,  in 
part  rendered  diffluent  by  suppuration.  In  the  18th  century,  accord- 
ing to  Hirsch,  there  were  still  epidemics  of  the  same  ''typhoid  pneu- 
monic" character  in  Spain,  England,  Italy,  Switzerland,  France,  and 
North  America.  In  all  these  the  malignant  type  of  the  disease  is  em- 
phasized and  the  hepatization  or  purulent  softening  of  the  lungs  is 

of  the  American  Medical  Association  (MacCallum,  W.  G.,  /.  Am.  Med,  Assn,^ 
1918,  led,  704). 

My  grateful  acknowledgment  is  due  to  the  men  who  worked  on  these  Com- 
missions, for  their  aid,  and  to  the  various  members  of  the  stafifs  of  the  Base 
Hospitals  at  these  two  places.  Especially  are  my  thanks  due  to  Major  L.  Clen- 
dening,  of  Fort  Sam  Houston,  who  furnished  clinical  data  of  most  of  the  cases, 
and  to  Major  Joseph  L.  Miller,  of  Camp  Dodge,  who  did  the  same  for  the  cases 
studied  there.  Major  D.  Glomset,  who  was  in  charge  of  the  laboratory  at  Camp 
Dodge,  also  afforded  us  every  aid  in  his  power. 
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WILLIAM  G.  MACCALLUH  3 

given  as  the  characteristic  anatomical  feature.  Morgagni  describes 
the  lungs  as  firmly  hepatized.  The  disease  prevailed  widely  in  France 
in  the  latter  part  of  this  century.  De  Sauvages  in  1790  describes  peri- 
pneumonia typhodes,  and  Deplaigne  an  epidemic  among  soldiers  at 
Valenciennes.  They  made  postmortem  examinations  and  found 
siq^urative  processes  in  the  limgs  with  effusion  of  pus  or  gelatinous 
serum  in  the  chest  and  sometimes  in  the  pericardiiun.  There  were 
I^ural  adhesions  too,  but  the  other  organs  were  normal  except  for 
swelling  of  the  liver.  In  Great  Britain  and  in  Germany  there  were 
also  severe  epidemics. 

In  North  America  there  were,  as  described  by  Webster,  epidemics  in 
Connecticut  in  1712,  1719,  1760,  and  1795.  Bard  tells  briefly  of  a 
similar  epidemic  at  Huntington,  Long  Island,  in  1749,  and  recounts 
symptoms  resemUing  those  which  we  have  seen  recently,  but  he  made 
no  dissections.  I  have  not  been  able  to  associate  these  epidemics 
with  the  gathering  of  troops  during  the  Revolutionary  War  or  to 
find  any  papers  referring  especially  to  this  period. 

In  1812,  however,  there  began  a  great  epidemic  which,  starting  in 
Canada^  q[»ead  throughout  the  Northern  States  and  finally  into  the 
South.  There  is  a  great  deal  of  literature  about  this,  and  the  Medical 
Rep0siiary  and  the  American  Medical  and  PhUasopkical  Register  made 
a  special  point  oi  gathering  together  communications  and  essays  re- 
lating to  it.  There  is  also  a  book  by  James  Mann,  Hospital  Surgeon 
of  the  Army,  published  in  1816  (Medical  Sketches  of  the  Campaigns  of 
1812, 1813,  and  1814)  which  gives  a  good  description  of  the  condition, 
including  a  few  postmortem  observati<His.  From  these  it  may  be 
learned  that  some  of  the  soldiers  died  with  extensive  pleural  effusion, 
sometimes  of  thick  pus,  as  in  the  case  of  one  man  whose  pleura  was 
drained  by  an  incision  between  the  ribs,  and  sometimes  of  a  thick  yel- 
lowish whey-colored  fluid,  while  a  membrane  of  coagulated  lymph  Uned 
the  cavity  of  the  thorax.  In  one  case  the  lungs  were  dark  purple,  but 
on  incisi<m  thick  pus  could  be  forced  by  compression  out  of  the  air  cells. 
In  another  the  hmgs  were  contracted,  compact,  tough,  and  almost  des- 
titute of  air  vessels.  Another  showed  the  lung  large,  hard,  and  ad- 
herent to  the  upper  part  of  the  cavity.  It  appeared  like  the  liver, 
tender  and  easily  lacerated  with  the  fingers,  and  entirely  destitute  of 
the  spongy  texture  peculiar  to  healthy  lungs.    In  its  superior  part 


Digitized  by 


Google 


4  PNEUMONIA  IN  ARMY  CAMPS 

adjoining  the  clavicle  and  near  the  trachea  was  a  large  sphacelus,  part 
of  which  had  been  coughed  up.  Pus  was  by  compression  squeezed 
out  of  the  air  cells.  In  another  case  the  lung  was  adherent  on  all 
sides,  and  specks  of  pus  were  found  throughout  it,  but  no  abscesses. 

Still  another  case  presented  a  lung  in  which  a  small  portion  had  come 
to  resemble  the  liver,  and  the  cells  contained  pus.  The  other  limg 
exuded  pus  on  every  incision.  It  was  not  much  dissimilar  to  a  honey- 
comb, if  filled  with  pus.  The  last,  or  eleventh  case  revealed  three 
pints  of  limpid  glutinous  senmi  resembling  whey  in  each  cavity  of  the 
thorax.  The  right  lung  was  contracted  to  half  its  natural  size.  The 
upper  part  was  consolidated  and  hardened,  feeling  and  appearing  like 
a  piece  of  heart  boiled.  Adhesions  had  formed  to  the  spine,  ribs, 
clavicle,  and  pericardimn.  The  lobe  was  so  much  drawn  to  the  spine 
that  no  adhesion  existed  between  it  and  the  ribs  of  the  anterior  part 
of  the  thorax.  In  the  upper  part  of  the  lobe  immediately  under  the 
clavicle  there  was  an  abscess  as  large  as  a  goose  egg.  There  were 
found  adhering  to  the  pleura  and  lungs  a  membrane  of  coagulated 
lymph  and  some  similar  thick  pieces  resembling  what  is  commonly 
called  mother  of  vinegar.  The  left  lobe  appeared  Httle  diseased,  but 
on  cutting  into  the  substance  drops  of  pus  were  squeezed  out  of  its 
cells.  While  one  or  two  of  these  cases  appear  to  have  been  instances 
of  lobar  pneimionia,  the  others  in  which  there  was  such  extensive 
pleurisy  and  from  the  lungs  of  which  drops  of  pus  could  be  squeezed 
resemble  closely  the  cases  found  in  the  present  day  epidemic. 

The  descriptions  of  the  clinical  symptoms  given  by  Mann,  Bard, 
Eights,  Matson  Smith,  Valentine  Mott,  McBride,  and  others  agree 
closely,  but  by  far  the  best  is  given  by  James  Low  who  described 
the  beginning  of  the  epidemic  in  Albany  in  October,  1812. 

"The  onset  is  with  a  chill,  prostration  and  a  feeble  pulse,  horror  and  distress 
from  pain  in  the  head,  back,  and  extremities.  The  tongue  is  furred,  the  breath- 
ing insupportably  laborious  even  when  the  pain  in  the  chest  is  not  severe,  and 
every  muscle  concerned  in  this  fimction  ceases  to  act  imtil  goaded  on  by  volition. 
When  the  pain  is  acute  the  anguish  is  inexpressible.  Every  cell  in  the  lung 
seems  infarcted  and  weighed  down  by  the  load. 

''Restlessness,  distressing  dreams,  sudden  frights,  and  starting  from  sleep  at- 
tend most  cases.  Many  are  unable  to  endure  the  horizontal  posture  from  a 
sense  of  suffocation  which  attends  that  position.  Coma  and  delirium  ferox  are 
frequent  symptoms  and  there  are  aphthse  and  ulcers  in  the  throat  in  some  cases. 
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The  disease  sometimes  terminates  in  scarlet  fever,  measles,  or  an  anomalous 
rash,  all  of  which  prevailed,  as  was  the  case  in  other  coimtries  where  the  same 
epidemic  has  raged.  Morgagni,  Coiterus,  and  Wierus  describe  the  same  in  Italy 
and  Germany,  Cleghom  in  Minorca,  Sydenham,  Huxham,  and  Home  in  England." 

Low  saw  gangrene  of  the  leg  in  one  case.  Hosack  also  mentions 
autopsies  in  this  epidemic  in  which  he  found  an  overloaded  state  of  the 
vessels  of  the  lungs.  A  large  effusion  of  serum  and  sometimes  purulent 
matter  and  the  adhesions  between  membranes  covering  the  lungs  and 
those  lining  the  chest  show  that  there  has  been  inflammation  of  the 
lungs.  It  was,  he  decides,  a  local  inflammation  with  a  typhous  state 
of  the  whole  system  from  which  he  refers  to  it  as  peripneimaonia 
typhodes. 

Mann,  in  another  paper  written  from  Plattsburg,  states  that  the 
most  prevalent  disease  was  measles,  which  predisposed  those  who  had 
it  to  pnemnonia.  He  gave  once  more  a  description  of  the  lungs  which 
were  inflamed  with  adhesions  to  circumjacent  parts,  with  the  surface 
covered  with  yellowish  gelatinous  semiputrid  extravasation.  The 
spongy  texture  of  the  Itmgs  was  lost  and  the  organ  assiuned  the  com- 
pactness of  the  liver. 

McReynolds  in  describing  an  epidemic  among  troops  at  Black  Rock 
gives  similar  details  of  autopsies,  and  so  does  Hudson  concerning  an 
epidemic  on  the  Niagara  Front.  Hudson  was  especially  interested  in 
the  extension  of  inflammation  through  the  diaphragm  to  the  surface 
of  the  liver.  A  similar  affection  with  pleurisy  with  serous  effusion 
and  pulmonary  changes  was  observed  in  the  New  York  Hospital  in 
January,  1813. 

After  the  disease  had  raged  among  the  troops  and  inhabitants  of 
northern  New  York  it  appears  to  have  occurred  with  especial  intensity 
in  Dutchess  County,  East  Chester,  and  West  Chester,  as  well  as  in 
New  York  City  and  Long  Island,  but  there  were  also  many  cases  in 
Connecticut,  Vermont,  and  Maine.  Nowhere  are  the  pulmonary 
changes  minutely  described,  but  it  is  evident  from  the  occasional  clear 
descriptions  of  definite  hepatizations  and  the  vague  descripition  in 
other  cases  of  congestion  alternating  with  abscesses  or  with  a  form  of 
consolidation  from  which  one  could  squeeze  pus  from  the  bronchi 
that  most  of  it  perhaps  was  not  definite  lobar  pneiunonia  but  prob- 
ably a  form  of  bronchopnemnonia  with  extensive  pleural  exudate.    It 
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died  out  in  these  states  in  1815,  but  passed  into  the  Southern  States 
and  persisted  until  1826. 

Although  there  were  many  epidemics  in  various  parts  of  Europe  at 
this  time  I  have  not  been  able  to  learn  so  far  that  this  type  of  disease 
was  prominent  in  the  armies  engaged  in  the  Napoleonic  Wars. 

From  1815  to  1862  there  were  occasional  epidemics.  Little  in- 
formation  appears  to  be  available  regarding  the  troops  during  the 
Civil  War.  Bartholow  described  the  occurrence  of  measles  and  its 
sequdffi  in  the  camps,  and  Woodward  gives  statistical  infonnati<ni 
showing  that  measles  was  prevalent,  that  {meumonia  followed  it,  and 
that  the  mortality  was  considerable,  but  these  conditions  were  greatly 
overshadowed  by  the  colossal  prevalence  of  typhoid  fever  and  dysen- 
teric disease,  and  Woodward's  attention  seems  nev^  really  to  have 
reached  pneum^ma.    The  following  is  abstracted  from  this  history. 

Measles, — ^During  the  years  covered  by  statistics  there  were  67,763  cases  of 
measles,  with  4,246  deaths  among  white  troops,  with  a  mortality  of  6.27  per 
cent.  Most  of  this  mortality  was  due  to  secondary  pulmonary  affections.  Many 
deaths  were  referred  to  pneumonia  without  mentioning  measles.  Per  1,000 
the  average  annual  rate  was  30.41,  the  maximum  77.57  in  the  1st  year,  the  mini- 
mum 1.98  during  the  last  year.    Many  regiments  suffered  at  recruiting  stations. 

In  colored  troops  there  were  8,555  cases,  with  931  deaths,  or  10.88  per  cent 
of  fatal  cases. 

In  the  Confederate  Army  of  the  Potomac  there  were  8,617  cases  in  an  army 
of  58,360  during  July,  August,  and  September,  1861,  430  cases  in  October, 
241  in  November,  79  in  December,  34  in  January,  1862,  and  8  in  February. 
A  succession  of  ^idemic  waves  involved  suscept&le  men  of  successive  additions 
to  strength  of  command. 

As  the  new  men  came  within  the  influence  of  the  contagious  focus  the  disease 
spread,  giving  a  sudden  elevation  to  the  line  of  prevalence  which  thereafter  fell 
until  fresh  additions  occurred  with  a  corresponding  rise  in  its  leveL 

Among  the  white  troops  the  line  of  prevalence  shows  a  seasonal  influence  as 
well  as  that  due  to  the  aggregation  of  susceptible  individuals.  The  warm  season 
operated  favorably  on  these  troops.  The  disease  was  especially  severe  am<H)g 
negroes,  being  characterized  by  bronchial  inflammation,  pneumonic  congestion, 
and  solidification,  laryngeal  congestion  and  edema,  and  sometimes  affections  of 
the  intestinal  mucous  membrane. 

Clinical  reconte  of  measles  show  a  return  to  duty  3  or  4  weeks  after  onset, 
but  in  many  cases  the  stay  in  the  hospital  was  prolonged  for  as  many  months 
by  the  continuance  of  bronchial  inflammation  or  the  supervention  of  broncho- 
pneumonia or  diarrhea.    In  some  cases  the  spedflc  agency  manifested  its  virulence 
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by  a  dark  purple  color  of  the  eruption  and  s3mq>tom8  of  internal  congestion. 
In  general  the  point  of  interest  is  the  consecutive  disease.  Sometimes  pneu- 
monic congestion  was  suddenly  developed  by  exposure  while  the  skin  was  af- 
fected, but  more  frequently  ptilmonary  disorders,  including  consumption,  ap- 
peared to  be  engrafted  on  the  patient  durmg  convalescence.  Laiyngitis  in  some 
cases  caused  sudden  death,  and  in  others  a  temporary  or  even  permanent  aphonia. 
Cerebral  meningitis  sometimes  occurred,  and  intercurrent  or  sequent  atUcks  of 
er3rsipelas  were  common.  Conjunctivitis  was  a  frequent  sequel  and  deafness 
followed  the  invasion  of  the  middle  ear  by  way  of  the  Eustachian  tube.  Occa- 
sionally the  ear  became  involved  in  the  suppuration  of  the  glands  in  its  neighbor- 
hood. Edema  of  the  feet,  ordiitls,  and  isddorectal  abscess  including  fistula  in 
(mo  were  among  the  sequels. 

''Recruits  from  the  city  are  more  likdy  to  have  passed  through  the  disease  in  child- 
hood than  those  from  the  mrai  districts.  Cityrpgiments  are  therefore  to  be  preferred  in 
this  connection.  When  the  call  to  service  is  urgent  this  becomes  a  secondary  matter. 
The  liability  to  disease  under  exposure  to  its  causes  must  be  zcceptod  as  a  part  of  the 
danger  to  be  faced.  Measles  will  thus  continue  to  be  a  subject  of  interest  and  anxiety 
to  aimy  mecfical  men  until  the  discovery  of  a  means  of  protection  against  it  indq>endent 
of  sobjectioa  to  its  infloenoe  in  previous  qxidemics." 

Later  (page  788)  he  suggests  the  propriety  of  inoculation. 

Pneum<mia.— "61^202  cases  of  pneumonia  occurred  among  the  white  troops  during 
the  war,  with  14,738  deaths,  so  that  the  impcntanoe  of  pneumonia  as  a  destroyer  (A  life 
In  our  camps  and  hospitais  can  hardly  be  overestimated.  The  postmortem  records  of 
cases  reported  as  pneumonia  show  that  death  in  the  majority  of  instances  resulted  not 
alone  from  hyperemic  or  inflammatory  processes  in  the  pulmonary  tissues,  but  from 
these  in  conjunction  with  similar  processes  affecting  particularly  the  pleural  membranes, 
bronchial  tubes,  and  pericardium.  With  the  productkm  of  these  congestive  or  inflam- 
matory results  the  malarial,  typhous,  and  tuberculous  cacherias  and  the  q)ecific  cause 
of  measles  were  apparentiy  often  connected." 

Of  435  cases  recorded  after  postmortem  examinaticm,  300  were  distinguished 
as  lobar  pneumonia,  135  as  secondary  or  catarrhal  inflammation.  Of  the  135 
cases,  101  were  associated  with  measles.  These  cases  are  inadequately  de- 
scribed and  as  a  rule  it  is  merely  stated  that  parts  of  the  lung  were  hepatized, 
and  in  a  few  instances  thickening  with  softening  of  the  bronchi  was  mentioned. 
Pleurisy  with  effusion  was  common  and  there  is  slight  menti<m  of  laryngitis. 
Pericarditis  was  present  in  a  few  cases  but  was  by  no  means  so  frequently  associ- 
ated with  secondary  pneumonia  as  with  the  acute  lobar  cases.  Pleurisy  as  such 
seems  to  have  been  recorded  in  31,852  cases  during  the  war,  but  although  590 
were  fatal  only  45  were  observed  and  described  post  mortem  and  of  these  6  were 
connected  with  measles. 

Of  the  cases  of  bronchopneumonia  following  measles  the  lungs 
of  three  have  been  preserved  in  the  Army  Medical  Museum  in 
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Washington,  and  Dr.  Lamb  was  kind  enough  to  allow  me  to  study 
them  and  even  to  take  portions  for  microscopic  study.  They  are 
from  Case  50  (Medical  and  Surgical  History  of  the  War  of  the 
Rebellion,  Vol.  I,  Part  3,  Medical  Volume,  page  789),  Case  105 
(page  794),  and  Case  134  (page  798).  All  these  cases  were  observed 
by  Surgeon  E.  Bentley,  U.  S.  Volunteers,  Third  Division  Hospital, 
Alexandria,  Virginia. 

The  history  in  Case  50  states  that  Private  J.  B.  Talbot,  aged  23,  was  ad- 
mitted Feb.  13,  1864,  with  pleuropneumonia  following  measles  and  died  Feb.  29. 
Postmortem  examination  showed  that  the  lower  lobe  of  the  right  lung  was  hepa- 
tized,  red,  and  presented  on  section  a  number  of  small  superficial  abscesses.  The 
pleura  was  thickened  (Specimen  345,  now  renumbered  7,792).  The  lung  is  cov- 
ered with  fibrinous  exudate  and  most  of  it  is  spongy  in  texture,  but  it  contains 
some  distinct  firm  nodules  which  are  branched  at  times. 

Section  of  this  lung  no  longer  stains  well,  but  the  outlines  of  cells 
may  be  discerned.  There  is  in  the  section  a  patch  of  consolidation 
and  then  one  of  air-containing  tissue  with  two  small  foci  of  consolida- 
tion. These  have  central  bronchioles  which  contain  exudate  and  have 
lost  their  epitheliimi.  The  walls  are  very  thick  and  infiltrated  with 
mononuclear  cells  and  are  penetrated  by  many  blood  vessels  distended 
rwith  blood.  The  adjacent  alveolar  walls  are  similarly  infiltrated  and 
contain  dense  plugs  of  fibrin  with  desquamated  epitheliimi. 

The  larger  area  of  consolidation  shows  several  bronchi  with  the 
same  change.  The  walls  of  a  rather  large  one  are  especially  infil- 
trated. The  more  peripheral  alveoli  have  dense  contents  of  fibrin  and 
epithelimn.  In  the  more  central  part  of  the  patch  the  tissue  is  dis- 
integrated and  full  of  very  small  broken  cells,  possibly  leucocytes. 
There  is  a  mass  of  granular  material  at  one  spot  resembling  bacteria. 

With  Weigert's  method  the  bacteria  stain  quite  sharply  and  great 
masses  of  definite  streptococci  are  foimd  in  the  midst  of  the  necrotic 
area.    No  other  organisms  were  found. 

This  appears  to  have  been  a  case  of  streptococcal  bronchopnetmionia 
in  which  certain  areas  of  consolidated  tissue  have  become  necrotic  in 
mass  and  contain  large  clmnps  of  bacteria. 

The  history  of  Case  105  is  as  follows:  Private  Jacob  Maust,  aged  20,  was  ad- 
mitted Mar.  26, 1864,  moribund  from  pneiunonia  after  measles.  He  died  on  the 
28th. 
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On  postmortem  examination  it  was  found  that  the  left  pleural  cavity  contained 
a  pint  of  serum  and  the  limg  was  coated  with  thin  pasty  lymph,  the  lower  lobe 
being  partly  hepatized. 

Specimen  343,  now  niunbered  7,790,  shows  the  following.  The 
pleura  is  greatly  thickened  and  edematous  with  wide  interlobular  septa. 

The  lymphatics  are  enormously  wide  and  are  distended  with  cell 
masses.  In  these  and  on  the  surface  of  the  pleura  there  are  large 
niunbers  of  streptococci  in  distinct  chains  which  stain  well.  No  in- 
fluenza bacilli  could  be  demonstrated.  The  bronchi  are  distinctly 
thickened.  New  blood  vessels  in  great  niunbers  have  formed  in  their 
walls,  the  epithelimn  is  lost,  and  streptococci  occur  in  their  piunilent 
contents.    There  is  collapse,  but  not  much  consolidation  about  them. 

This  appears  to  be  a  case  of  interstitial  bronchopneiunonia  with 
lymphatic  transportation  of  the  streptococci. 

The  history  of  Case  134  is  as  follows:  Private  John  H.  McMichael,  aged  19, 
was  admitted  Mar.  11,  1864,  with  pleurisy  and  laryngitis,  secondary  to  measles. 
He  died  on  the  23rd. 

On  postmortem  examination  the  larynx  and  trachea  were  found  to  be  in- 
flamed and  filled  with  tenacious  mucus;  right  limg  collapsed  and  friable.  Lower 
lobe  thickly  coated  with  pseudomembrane.  Left  limg  slightly  congested  (Speci- 
men 342,  now  mmibered  7,789). 

The  lung  shows  a  thin  layer  of  fibrin;  the  pleural  surface  and  the 
pleiura  itself  are  markedly  thickened.  Interlobular  septa  are  promi- 
nent. At  the  base  of  the  upper  lobe  there  is  a  small  area  of  diffuse 
consolidation.  The  rest  is  air-containing  except  for  niunerous  small 
nodules  of  consohdation  with  central  bronchioles. 

Sections  show  numerous  small  bronchi  filled  with  debris  of  leuco- 
cytes. The  epithelium  is  desquamated  and  the  underlying  tissue 
necrotic.  The  alveoli  round  about  are  filled  with  fibrin  and  cells, 
some  of  which  are  leucocytes.  There  is  no  great  interstitial  change 
in  most  of  the  lung.  Definite  coed  in  pairs  and  short  chains  are  found 
in  the  bronchioles.  In  other  places  bronchial  and  blood  vessel  walls 
are  markedly  infiltrated  with  cells.  The  intervening  limg  substance 
is  air-containing. 

This  is  a  focal  streptococcal  pneumonia  in  which  there  is  little 
interstitial  change  but  chiefly  small  peribronchial  foci  of  lobular 
pneimionia« 
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It  is  evident  that  in  these  three  cases  we  have  representatives  of  the 
types  of  streptococcal  pneumonic  le^on  which  occur  in  the  epidemic  of 
today.  The  first  case  is  one  of  interstitial  bronchopneumonia  with 
large  areas  of  necrosis,  the  second  belongs  to  the  same  type  but  with- 
out the  necroses,  while  the  third  is  an  earlier  stage  with  much  less  in- 
terstitial change.  It  is  especially  interesting  that  after  54  years  in 
alcohol  the  streptococci  still  stain  brilliantly. 

Surgeon  Ira  Russell  also  reported  that  there  had  been  784  cases  of 
pneumonia  at  Benton  Barracks,  Mo.,  in  1864,  of  which  156  died. 
Beside  these  there  were  675  cases  of  measles,  of  which  130  died  of 
pneumonia.  He  distinguishes  congestion,  typhoid,  and  pleucopneu- 
monia.  There  is  a  marked  difference  in  the  morbid  appearance  of  the 
limgs  in  the  pneumonia  following  measles  from  their  appearance  in 
pneumonia  produced  by  other  causes.  Hepatization  is  less  marked, 
the  limg  tissue  oftener  edematous  or  filled  with  serosanguineous  fluid 
and  containing  a  sufficient  quantity  of  air  to  make  it  float  on  water. 
When  pressed  between  the  fingers  a  large  quantity  of  bloody  serum 
exudes.  The  limg  frequently  passed  from  this  edematous  condition, 
without  going  through  the  stages  of  red  and  grey  hepatization,  into 
that  of  purulent  infiltration. 

Since  the  Civil  War  other  epidemics  of  pneimionia  have  been  de- 
scribed, but  it  is  generally  difficult  from  the  clinical  descripticms  to 
determine  the  nature  of  the  disease,  and  practically  none  of  the 
authors  in  this  coimtry  appear  to  have  recorded  postmortem 
examinations. 

In  Europe  many  such  epidemics  were  briefly  described  also  (Lav- 
eran,  Bard),  without  adding  perceptibly  to  the  comprehenaon  of  the 
disease.  But  with  Bartels  there  began  a  more  accurate  anatomical 
study  of  the  peculiar  form  of  bronchopneumonia  which  follows 
measles,  whooping  cough,  diphtheria,  and  perhaps  other  acute  infec- 
tious diseases. 

Delafield  in  various  publications  in  this  country  has  given  clear 
descriptions  of  the  peculiarities  of  this  form  of  v  bronchopneumonia 
in  children  and  in  adults,  emphasizing  its  interstitial  character  and  the 
lateral  involvement  of  the  alveoli  which  adjoin  the  bronchioles  to- 
gether with  the  accompanying  atelectasis.  His  understanding  of  the 
contrast  between  this  type  of  pulmonary  affection  and  the  sort  of 
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exudative  process  which  follows  the  aspiration  of  infected  materials 
into  the  bronchi,  or  the  other  examples  of  terminal  patchy  pneu- 
monia characterized  by  the  filling  of  the  alveoli  which  are  connected 
with  the  infected  bronchioles  with  an  exudate  of  polymorphonuclear 
leucocytes,  is  satisfactory  and  his  descriptions  form  a  model  of  con- 
ciseness. At  this  time  there  was  a  prevalent  doctrine  which  distin- 
guished between  croupous  or  lobar  pneumonia  in  which  there  is  an 
exudate  of  leucoc3rtes  and  fibrin,  and  catarrhal  or  bronchopneimionia 
in  which  fibrin  was  less  in  evidence  and  the  alveoli  contained  large 
mononuclear  cells  mixed  with  others.  This  seems  to  be  an  inade* 
quate  basis  for  the  anatomical  distinction,  and  more  recent  writers 
have  not  accepted  it,  although  these  terms  are  still  used. 

Since  Bartels'  paper,  a  series  of  German  publications  has  appeared, 
describing  more  clearly  the  interstitial  form  of  bronchopneimionia  in 
children  after  diphtheria,  measles,  and  whooping  cough,  and  from  an 
anatomical  point  of  view  these  leave  littie  to  be  desired,  although 
none  except  those  of  Diirck  and  Finkler  are  concerned  with  the  bac- 
teriology of  the  disease.  From  these  are  derived  no  doubt  the  de- 
scription found  in  most  of  the  text-books,  although  the  description 
given  by  Orth  is  evidentiy  from  his  own  observations.  Wagner, 
Jtlrgensen,  Aufrecht,  Kromayer,  Koester,  Wygodzinski,  Diirck, 
Honl,  Steinhaus,  Hart,  Jochmann  and  Moltrecht,  and  Hecht  have 
aU  contributed  papers  which  are  easily  accessible. 

These  papers  agree  closely  in  their  descriptions  of  the  pathological 
anatomy  of  this  form  of  bronchopneumonia,  the  best  of  which  are  those 
of  Steinhaus  and  Hecht.  Wygodzinski  distinguishes  lobular  and  con- 
fluent forms  in  which  the  alveoli  are  filled  with  a  fibrinous  and  leuco- 
cytic  exudate,  from  peribronchitic  inflammation,  but  he  also  recog- 
nizes combinations.  Honl  points  out  the  resemblance  of  the  small 
firm  nodular  consolidation  in  these  Itmgs  to  miliary  tubercles,  but  in- 
sists that  tuberculosis  is  not  of  frequent  occurrence  after  measles,  and 
that  the  common  impression  that  it  is,  may  depend  upon  the  erron- 
eous interpretation  of  these  peribronchial  nodules  as  tubercles.  He 
saw  the  peculiar  epithelial  giant  cells  upon  which  later  writers  have 
laid  stress. 

Steinhaus  reviews  the  earlier  German  literature,  gives  a  clear  de- 
scription of  the  pulmonary  lesions,  and  simmiarizes  his  paper  as 
follows: 
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Measles  pneumonia  is  in  the  beginning  not  a  lobular  inflammation  but  ap- 
pears in  minute  foci,  of  which  several  are  foimd  in  a  lobule.  It  is  never  catarrhal, 
since  fibrin  is  abimdantly  present. 

The  focal  consolidations  result  from  a  primary  bronchiolitis  and  peribronchiolitis 
through  a  propagation  of  the  inflammatory  irritant  by  way  of  the  lymph  vessels. 
There  are  several  types  of  lesions,  (a)  The  acute  focus  with  exudation  into  the 
alveoli.  This  may  arise  by  extension  of  the  inflammation  from  the  bronchioles 
to  adjacent  alveoli  which  do  not  belong  to  its  respiratory  district  or  by  propaga- 
tion along  its  limien  to  its  own  alveoli.  In  the  zone  of  fresher  exudate  fibrin  is 
always  present,  (b)  The  more  chronic  focus,  proceeding  in  the  form  of  an  inter- 
stitial peribronchitis  with  advanced  changes  in  the  interstitial  tissue  but  no 
exudation  in  the  alveoli. 

This  change  appears  to  be  related  in  its  origin  to  the  peribronchial 
and  perivascular  lymph  follicles.  The  interstitial  change  arises  very 
early  in  measles  pneimionia  and  distinguishes  it  from  the  croupous 
form.  The  distinction  between  the  acute  and  the  more  chronic  fod 
of  pneumonia  lies  in  the  presence  of  a  leucocytic  infiltration  in  the 
first,  a  lymphatic  infiltration  in  the  second.  He  apparently  saw  no 
giant  cells,  but  Hecht  who  also  studied  the  lungs  of  children  lays 
especial  stress  on  their  presence  in  his  paper  which  has  the  title 
"The  giant  cell  pneumonia  of  children.*'  This  is  a  form  of  pneu- 
monia which  occurs  only  in  yoimg  children  after  measles  and  whoop- 
ing cough  in  connection  with  a  hypertrophic  bronchitis.  The  giant 
cells  arise  from  the  epitheliimi  either  by  incomplete  division  or  by 
coalescence.  They  could  never  be  produced  experimentally  in  rab- 
bits by  intrabronchial  injections  of  staphylococci  or  pneumococd, 
but  could  be  imitated  closely  in  animals  injected  intratracheally  with 
various  metallic  salts  (especially  silver  nitrate  and  copper  sulphate) 
or  ammonia.  Karsner  and  Meyers  described  and  discussed  a  similar 
case  in  a  child  and  reference  will  be  made  to  this  later  in  connection 
with  one  of  our  cases. 

All  these  papers  have  dealt  with  children  and  I  have  found  little 
referring  to  such  bronchopneumonia  in  adults.  Delafield  recognized 
it  in  adults,  but  his  attention  was  chiefly  directed  to  the  disease  in 
children. 

Mathers  describes  an  epidemic  of  pneumonia  occurring  in  Chicago 
during  the  season  1915-16  in  which  he  isolated  Streptococcus  pyo- 
genes in  a  majority  of  instances.    His  description  of  the  lung  refers  to 
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the  gross  appearance  only.  There  were  extensive  pleuritis  and  peri- 
carditis and  the  cut  surface  of  the  lung  was  smooth  and  mottled  grey- 
ish red  and  dark  red.  The  greyish  areas  varied  in  size  and  consist- 
ency, some  being  firm  and  dry  while  others  were  moist  and  viscid. 
They  had  no  relation  to  bronchi  and  were  sharply  outlined  like  in- 
farcts. Other  dark  red  areas  were  soft  and  hemorrhagic.  The  de- 
scription is  too  indefinite  to  allow  one  to  recognize  the  condition  with 
certainty. 

During  the  present  war,  epidemics  have  been  studied  in  the  north 
of  France  by  Hammond,  Rolland  and  Shore,  and  at  Aldershot  in 
England  by  Abrahams,  Hallows,  Eyre,  and  French.  They  describe  a 
purulent  bronchitis  which  is  fatal  and  from  which  they  isolated  the 
influenza  bacillus  from  the  sputimi  in  most  of  the  cases.  They  found 
other  organisms  at  times,  including  the  pneimiococcus,  streptococcus 
(five  times),  D.  caiarrhaliSy  stjq)hylococcus,  M.  Utragenus,  etc.  Pleu- 
risy appears  not  to  have  been  common  and  mention  is  made  of  only 
eight  cases  in  which  a  clear  yellow  fluid  had  accumulated  in  the 
pleural  cavity.  The  bronchi  are  filled  with  pus  and  there  is  a  peri- 
bronchiolitis. Photographs  of  sections  of  the  lungs  show  the  peri- 
bronchial infiltration  distinctly,  and  the  anatomical  description  which 
is  given  with  these  makes  it  seem  evident  that  the  lesion  is  practically 
the  same  as  that  which  we  are  about  to  describe  for  the  epidemic  in 
this  coimtry.  The  lack  of  pleurisy  is  one  great  point  upon  which 
they  differ  from  our  cases,  and  the  second  is  in  the  predominant  r61e 
of  the  influenza  bacilli. 

In  a  letter  dated  Jime  22,  1918,  from  a  hospital  in  France,  Dr. 
Archibald  Malloch  writes  me  concerning  such  an  epidemic  in  which 
he  had  studied  nine  cases  at  autopsy.  He  says  nothing  of  empyema 
in  these  cases. 

"Clinically  the  cases  were  generally  like  capillary  bronchitis,  and  as  a  rule 
no  dulness  could  be  made  out,  although  sometimes  this  was  present.  There  were 
mark^  dyspnea  and  cyanosis.  At  autopsy  there  was  often  no  consolidation  of 
any  extent  but  grey-white  pus  was  foimd  even  down  to  the  finest  bronchioles 
(swarming  with  B.  influenza  and  there  obtained  in  pure  culture).  At  other  times 
there  were  small  areas  of  atelectasis  with  tiny  yellowish  abscesses  in  them.  On 
the  other  hand,  some  of  the  lungs  showed  confluent  bronchopneumonia.  Two  of 
these  cases  showed  an  endocarditis  with  vegetations,  from  the  cultures  of  which 
Major  Rhea  grew  B.  influenza  in  pure  culture." 
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The  conditions  existing  in  these  ancient  epidemics  have  in  a  sense 
been  repeated  on  a  magnified  scale  in  the  course  of  the  assembling 
of  the  troops  from  all  parts  of  the  United  States  in  the  present  war, 
and  the  results  with  respect  to  disease  of  the  respiratory  organs  have 
been  much  the  same.  It  is  obvious  that  the  sanitary  conditions 
surroimding  the  cantonments  and  camps  have  been  extremely  good  as 
far  as  forms  of  disease  which  were  especially  destructive  in  the  Civil 
War  and  in  many  other  wars  are  concerned,  and  the  result  is  that 
with  the  aid  of  vaccination  against  typhoid  fever,  paratyphoid,  and 
smallpox,  those  diseases  have  not  appeared.  Even  diphtheria  is  now 
practically  under  complete  control.  But  sanitation  and  preventive 
medicine  are  as  yet  helpless  against  measles  and  pneimionia,  and 
therefore  these  diseases  have  swept  through  the  well  ordered  camps  as 
they  did  in  1812. 

The  draft  brought  together  large  numbers  of  men  of  ages  from  21  to 
31  years  from  all  conditions  of  life.  Many  of  them  had  lived  in  cities, 
accustomed  all  through  their  lives  to  close  intercourse  with  the 
densest  populations  and  these  had  passed  through  all  the  ordinary 
diseases  of  childhood  and  had  acquired  immunity.  Others,  however, 
and  especially  perhaps  those  from  the  South,  had  lived  in  remote  rural 
districts  imder  entirely  different  conditions  with  but  little  contact 
with  any  great  nimiber  of  other  people.  These  came  to  the  camps  im- 
protected  from  any  disease  except  smallpox  and  typhoid  fever.  The 
compulsory  vaccination  conferred  this  protection  and  eliminated  these 
diseases  from  the  army  in  a  way  which  could  not  be  paralleled  by  any 
measures  of  sanitation  which  aimed  at  their  exclusion  by  even  the 
most  rigid  control  of  all  the  recognized  channels  of  infection. 

To  the  remaining  acute  exanthematic  diseases  and  to  respiratory 
infections  these  men  were  highly  susceptible.  To  other  infections 
they  were  also  susceptible,  but  these  have  assimied  such  a  prominent 
place  in  the  history  of  disease  in  the  camps  that  the  rest  appear 
rather  insignificant. 
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It  must  not  be  stated  that  the  respiratory  diseases  occurred  exclu- 
sively in  the  troops  of  rural  origin,  since  they  gained  such  virulence  as 
to  afifect  all,  but  it  does  seem  clear  that  immunity  acquired  by 
exposure  and  infection  in' early  life  has  played  a  great  part  in  pro- 
tecting the  men  of  some  of  the  camps  from  disease. 

Emphasis  should  be  laid,  I  think,  upon  the  importance  of 
measles  in  the  inception  of  this  epidemic.  Measles  has  prevailed  to 
an  extraordinary  degree  in  many  of  the  camps  in  the  South,  and 
there  too  have  arisen  the  greatest  epidemics  of  bronchopneimionia. 
When  pneumonia  taken  as  a  whole  and  including  lobar  and  all 
forms  of  bronchopneimionia  is  plotted  out  on  a  map,  as  was  done 
in  the  office  of  the  Surgeon  General,  so  as  to  show  the  camps  in 
which  the  greatest  mmiber  of  cases  occurred,  as  black  circles,  and 
especially  when  the  position  of  these  camps  is  indicated  according 
to  the  district  from  which  they  drew  their  troops,  all  the  black 
circles  are  in  the  South.  Any  such  statement  is  necessarily  somewhat 
inaccurate.  Measles  is  not  absent  in  the  northern  camps  nor  is 
pneumonia.  Lobar  pneumonia  caused  by  the  pneumococcus,  which  no 
one  suspects  of  being  especially  a  sequel  of  measles,  probably  occurs 
in  much  the  same  proportion  throughout  all  the  camps.  But  the 
form  of  bronchopneumonia  which  has  for  years  been  recognized  as  a 
common  sequel  of  measles  has  appeared  in  enormous  proportions  in 
the  southern  camps  in  which  hundreds  and  even  thousands  of  cases 
of  measles  developed.  It  is  true  that  this  type  of  pneimionia  in  these 
camps  frequently  occurred  in  patients  who  had  not  had  measles,  and 
it  is  clear  that  it  is  due  to  some  second  infection  and  not  to  the  measles 
itself.  It  was  not  altogether  surprising,  therefore,  to  find  large  epi- 
demics of  the  same  type  of  bronchopneimionia  arising  later  in  northern 
camps  where  measles  had  not  existed  to  a  great  degree  and  in  troops 
which  had  not  been  in  contact  with  the  few  cases  of  measles  which 
were  isolated  in  distant  barracks. 

Briefly  stated,  the  great  epidemic  seems  to  be  an  epidemic  of 
bronchopneumonia,  with  measles  as  the  most  important  predisposing 
cause,  but  the  bronchopneumonia,  which  itself  is  due  to  a  secondary 
infection,  later  arose  independently  of  measles  in  individual  cases  and 
in  other  camps  when  the  agent  which  caused  the  secondary  infection 
became  virulent  enough  to  give  rise  to  the  disease  independently. 
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The  following  study  of  the  forms  of  pneumonia  which  prevailed 
makes  no  attempt  to  outline  the  extent  of  these  diseases  inthevarious 
camps,  since  that  information  will  be  available  from  the  reports  of  the 
office  of  the  Surgeon  General.  Nor  is  it  intended  to  trace  the  course 
of  the  various  epidemics  or  to  give  statistics  of  the  incidence  of  pneu- 
monia or  the  number  of  deaths  caused  by  it.  Instead  it  is  an  attempt 
to  analyze  the  character  of  the  respiratory  diseases  observed  at  Fort 
Sam  Houston,  Texas,  during  February  and  March,  and  at  Camp 
Dodge,  Iowa,  during  May,  from  the  standpoint  of  the  student  of 
their  etiology  and  pathological  anatomy. 

In  the  study  of  the  respiratory  disease  in  these  camps  a  consistent 
plan  was  followed.  In  a  large  nimiber  of  cases  observed  clinicaUy,  cul- 
tures were  made  from  the  sputimi,  swabs  from  throat,  and  cultures  from 
the  circulating  blood  and  fluid  aspirated  from  the  pleural  cavities. 
These  were,  of  course,  of  great  importance  in  diagnosis  and  threw  much 
light  upon  the  condition  foimd  at  autopsy.  The  most  satisfactory 
information  was  derived,  however,  from  the  cases  in  which  the  bac- 
teriological results  could  be  confirmed  and  controlled  by  cultures 
from  the  tissues  at  autopsy,  and  in  as  far  as  these  cases  were  concerned 
we  endeavored  to  tabulate  the  records  in  such  a  way  as  to  show  at  once 
the  results  of  cultures  made  during  life  and  after  death  from  all  these 
sources.  It  was  interesting  to  find  that  repeated  cultures  made  dur- 
ing life  and  after  death  sometimes  showed  the  dis^pearance  of  one 
organism  and  its  replacement  or  overgrowth  by  another.  Our  in- 
formation is  sufficiently  complete  for  this  purpose  in  about  49  cases 
of  pneumonia  which  are  therefore  given  in  Table  I.  The  cases  which 
were  studied  clinically  only  need  not  be  included,  since  they  have 
been  discussed  in  other  papers. 

It  will  be  seen  from  this  table  that  a  great  variety  of  lesions 
and  several  types  of  infection  are  represented  here  with  various  com- 
binations. In  general,  analysis  of  the  cases  shows  that  there  were 
two  main  forms  of  infection,  that  in  which  the  pneimiococcus  was  the 
etiological  agent  and  that  in  which  this  part  was  played  by  Strepto- 
coccus hcBtnolyticus. 

The  influenza  bacillus  was  frequently  found  in  the  sputimi  and 
occasionally  in  the  lungs  and  pleural  fluid.  It  was  always  associated 
with  the  streptococcus,  however,  and  it  is  difficult  to  assign  it  a  pre- 
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dominant  part  in  the  causation  of  the  pneumonia.  In  general  the 
pneumococcus  of  whatever  type  produced  lobar  pneumonia,  and  the 
streptococcus  either  what  we  shall  describe  as  interstitial  broncho- 
pneimionia,  or  another  lesion  to  which  for  convenience  we  assign  the 
name  lobular  pneumonia.^  The  exact  biological  nature  of  this  strep- 
tococcus and  its  identity  in  different  camps  are  still  subjects  which 
are  actively  discussed.  It  seems  to  be  the  same  wherever  it  has 
been  found,  but  it  will  require  time  to  determine  whether  there  are 
several  strains  at  work.  Indeed,  from  many  camps  there  come  reports 
of  nmnerous  cases  due  to  a  non-hemolytic  streptococcus.  All  these 
important  points  must  be  settled  by  further  study,  which  must  also 
decide  the  significance  of  the  influenza  bacillus,  staphylococcus,  and 
other  organisms  in  the  production  of  the  disease.  Our  own  expe- 
rience has  led  us  to  believe  that  a  fairly  constant  hemolytic  strepto- 
coccus is  the  important  factor. 

In  practically  all  the  cases  of  streptococcus  infection  there  appears, 
if  there  is  sufficient  time  before  death,  a  serofibrinous  or  fibrino- 
purulent  pleurisy.  This  sometimes  persists  as  an  empyema  even  after 
the  earlier  pulmonary  lesions  from  which  it  originated  have  com- 
pletely or  almost  completely  disappeared.  All  possible  combinations 
of  these  forms  of  pneimionia  occur,  and  it  has  therefore  seemed  best 
to  consider  all  the  cases  in  six  groups  into  which  they  readily  fall  as 
follows:  (1)  interstitial  bronchopneimionia;  (2)  interstitial  broncho- 
pneimionia  with  lobtdar  pnemnonia;  (3)  lobular  pneumonia;  (4)  lobar 
pneumonia;  (5)  lobar  with  interstitial  bronchopneimionia;  (6)  old 
empyemas. 

It  is,  of  course,  possible  that  lobar  and  lobular  pnemnonia  may  occur 
together,  but  I  do  not  think  that  we  have  met  with  this  combination. 

Cases  14  to  58  were  studied  at  Fort  Sam  Houston,  Texas,  Cases 
165  to  205  at  Camp  Dodge,  Iowa. 

^  It  has  been  pointed  out  by  various  writers  that  the  teroi  lobular  pneumonia 
should  be  applied  to  a  consolidation  involving  a  lobule,  but  such  accurate  limita- 
tion does  not  take  place.  On  the  other  hand,  it  is  difficult  to  find  any  other 
convenient  term  which  will  designate  a  patchy  consolidation  in  which  the  alveoli 
are  filled  with  an  inflammatory  exudate  of  leucocytes  and  fibrin.  Such  an  exu- 
date is  similar  to  that  which  when  diffusely  distributed  over  a  whole  lobe  con- 
stitutes a  lobar  consolidation,  and  it  seems  permissible  to  employ  the  term  as  a 
conventional  name  for  this  condition. 
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1.  Interstitial  Bronchopneumonia. 

Case  14, — ^J.  McL.,  age  22  yrs.  Entered  hospital  Jan.  1,  1918,  with  typical 
measles.  Discharged  Jan.  10.  Second  entry  Jan.  16.  Has  not  felt  well  since 
leaving  hospital,  still  coughs,  has  a  fever  and  headaches.  Diagnosis, — Acute 
bronchitis  until  Jan.  22,  when  he  became  worse  and  was  transferred  to  the  pneu- 
monia ward  delirious,  very  ill,  and  coughing.  Signs  of  consolidation  in  right 
lower  lobe  and  riles  over  left  lower  lobe.  Inspiration  difficult.  Marked  cyanosis. 
Leucoc3rtes  16,000.  Temperature  ranges  from  99-104*  F.,  pulse  100-150,  respi- 
ration 20-55.    Died  Feb.  2.    Autopsy  Feb.  2. 

Anatomical  Diagnosis:  Bilateral  interstitial  bronchopneumonia  with  hemorrhage 
and  atelectasis;  serofibrinous  pleuritis  (right). 

Left  pleural  cavity, — ^There  is  no  excess  of  fluid.  Pleural  surfaces  smooth. 
No  adhesions.  Right  pleural  cavity, — ^The  cavity  contains  about  1,000  cc.  of 
slightly  turbid  brownish  fluid  with  floating  shreds  of  fibrin.  Pleural  surfaces 
covered  with  thick,  shaggy,  yeUow  einidate  of  fibrin.  L3rmph  glands  in  the 
mediastinum  enlarged.  Left  lung, — Surface  is  smooth.  The  lung  is  voluminous, 
but  the  lower  part  of  the  upper  lobe  Smd  the  lower  and  posterior  portions  of  the 
lower  are  collapsed  and  pasty.  Insufflation  distends  most  of  the  upper  lobe  and 
part  of  the  lower.  On  section  some  of  the  bronchi  of  the  upper  lobe  stand  open 
and  are  conspicuous  as  empty,  thick  walled  grey  tubes.  They  are  surrounded 
by  areas  of  hemorrhage.  In  the  lower  lobe  all  the  bronchi  appear  as  thick 
walled  tubes  with  opaque  yellow  contents  and  are  surrounded  by  hemorrhagic 
areas  which  become  confluent.  In  the  larger  bronchi  the  deeply  congested 
mucosa  is  covered  by  a  thin  opaque  grey  film.  The  bronchial  glands  are  not 
greatly  enlarged.  Right  lung, — Greatly  compressed  by  the  pleural  effusion. 
It  is  covered  by  a  layer  of  fibrin  which  varies  from  2  mm.  to  2  cm.  in  thick- 
ness. The  l3rmph  glands  at  the  hilum  are  greatly  enlarged.  All  the  lobes  of 
the  lung  are  completely  collapsed,  but  the  upper  lobe  and  the  anterior  portions 
of  the  lower  lobes  may  be  distended  by  insufflation.  In  the  lower  and  posterior 
portions  of  the  lower  lobe  there  are  numerous  firm  grey  areas  each  of  which 
shows  a  central  bronchus  and  a  surrounding  zone  of  hemorrhage.  These  foci 
become  confluent  in  places  or  stand  out  separately  so  that  several  may  be  seen  in 
each  of  the  lobules  of  the  lung.  The  lobules  are  sharply  outlined  by  the  inter- 
lobular septa  which  are  edematous  and  therefore  conspicuous. 

Cultures  failed  to  grow  through  an  accident.  Smears  from  the  limg  showed 
Gram-positive  cocci  in  chains. 

Microscopic  Examination, — ^The  left  lung  contains  air  and  most  of  the  alveoli 
are  unchanged,  but  many  of  the  smaller  bronchioles  are  filled  with  an  einidate  of 
polymorphonuclear  leucocytes  among  which  a  few  streptococci  are  found.  The 
epithelium  of  such  bronchioles  is  in  places  intact,  in  other  places  broken  and 
partly  desquamated  (Fig.  1).  The  wall  is  greatly  thickened  and  its  connective 
tissue  and  smooth  muscle  elements  are  spread  apart  by  red  corpuscles  and  mono- 
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nudear  wandering  cells  of  various  types.  Wherever  l3rmpliatic8  are  visible  in 
these  walls  they  contain  red  corpuscles  and  mononuclear  cells.  The  adjacent 
alveoli  are  filled  with  blood,  desquamated  epithelial  cells,  and  mononuclear  wan- 
dering cells  together  with  a  few  pol3rmorphonuclear  leucocytes.  The  alveolar 
walls  are  infiltrated  with  mononuclear  cells  and  thickened.  Both  bronchi  and 
alveoli  contain  networks  of  fibrin.  The  alveoli  which  open  directly  into  the 
bronchi  contain  leucocytes  in  greatest  abundance;  those  which  lie  adjacent  to  the 
wall  of  the  affected  bronchioles  appear  to  contain  blood  and  mononuclear  cells 
rather  than  leucoc3rtes.  Organization  of  the  exudate  in  the  bronchi  is  found  in 
an  early  stage  in  some  places  (Fig.  2). 

The  right  limg  shows  a  more  advanced  change.  The  pleura  is  covered  with 
fibrin  upon  the  surface  of  which  streptococci  are  found.  The  pleura  itself  is 
densely  infiltrated  with  blood.  It  is  markedly  thickened  by  the  formation  of  a 
vascular  granulation  tissue  which  has  not  destroyed  all  the  remnant  of  the 
pleural  lining  cells.  The  whole  framework  of  the  limg  has  become  conspicuous 
through  the  widening  of  the  interlobular  septa,  peribronchial  and  perivascular 
tissues,  and  the  alveolar  walls  themselves  by  the  most  extensive  infiltration  of 
mononuclear  wandering  cells.  The  lung  is  partly  collapsed,  but  the  enormously 
thick  walls  of  bronchi  and  alveoli  are  very  distinct.  It  is  especially  in  the  neigh- 
borhood of  the  infiltrated  bronchi,  interlobular  septa,  and  pleura  that  the  alveolar 
walls  are  distended  with  cells.  In  the  walls  of  blood  vessels  and  bronchi  and  in 
the  interlobular  septa  l3rmphatics  are  easily  seen.  Most  of  them  are  thrombosed 
and  contain  streptococci  as  well  as  l3rmphocytes  and  fibrin  coagultun.  The 
more  distant  alveoli  contain  only  masses  of  desquamated  epithelial  cells.  Those 
nearer  the  bronchioles  and  participating  in  the  formation  of  the  peribronchial  con- 
solidation are  filled  with  dense  fibrin  together  with  the  cellular  elements  described. 
In  this  firm  fibrin  as  well  as  in  the  bronchioles  there  is  already  visible  a  rather  ex- 
tensive growth  of  connective  tissue.  Definite  strands  of  vascularized  tissue  are 
seen  in  the  lumen  of  some  bronchi.  In  one  there  is  a  mass  of  such  tissue  covered 
completely  by  a  continuous  growth  of  bronchial  epithelium.  The  mediastinal 
lymph  glands  are  swollen,  their  marginal  sinuses  filled  with  large  mononuclear 
cells  among  which  are  many  streptococci.  These  are  entangled  in  a  dense  fibrin 
network. 

The  other  organs  show  nothing  abnormal. 

This  is  a  tjrpical  case  of  interstitial  bronchopneumonia  following  measles  and 
showing  on  one  side  empyema,  collapse,  peribronchial  nodules  with  great  inter- 
stitial infiltration,  thickening  of  pleura  and  septa,  and  advanced  organization 
of  bronchial  and  intraalveolar  exudate. 

Case  15. — ^B. H.,  age  19  yrs.  No  history  of  measles.  Since  Jan.  3, 1918,  cough 
and  expectoration  with  pain  in  chest  and  fever.  Entered  hospital  Jan.  14.  No 
rash,  no  sore  throat.  Dulness  and  r&les  over  whole  right  limg.  R&les  but  no 
duhiess  over  left.  Leucocytes  16,800.  Temperature  100-104*  F.,  pulse  100-150, 
respiration  30H50.    Died  Feb.  1.    Autopsy  Feb.  2. 
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Anatomical  Diagnosis:  Bilateral  interstitial  bronchopneumonia  with  fibrinopuru- 
lent  pleuritis. 

Left  pleural  cavity, — Contains  very  little  fluid.  The  surfaces  are  covered  with 
a  thin  exudate  of  fibrin  which  glues  them  together.  Right  pleural  cavity. — 
Contains  about  1,500  cc.  of  turbid  khaki-colored  fluid  with  floating  shreds  of 
flbrin.  The  lung  is  adherent  in  its  upper  posterior  aspect;  the  lower  lobe  is 
collapsed  and  flattened.  Left  lung, — ^In  both  upper  and  lower  lobes  there  are 
collapsed  areas,  those  in  the  lower  lobe  occup3ang  the  whole  lower  and  posterior 
portion.  In  the  upper  lobe  there  are  a  few  bronchi  filled  with  yellow  plugs, 
especially  in  the  collapsed  area.  In  the  lower  lobe  these  are  much  more  nu- 
merous and  toward  the  hilum  they  are  thickened  and  embedded  in  yellowish 
opaque  areas.  There  is  no  definite  hemorrhage  about  them.  The  larger 
bronchi  are  deeply  congested.  Right  lung, — ^The  pleura  is  thickened  and 
covered  with  a  dense  layer  of  yellow  fibrin.  The  lung  is  completely  collapsed 
and  flabby.  It  is  studded  throughout  with  yellowish  areas  of  consolidated  tissue 
in  the  center  of  which  there  is  generally  to  be  seen  the  ragged  lumen  of  a  bronchus. 
Such  areas  vary  from  2  to  7  mm.  in  diameter,  but  in  the  lower  lobe  they  become 
confluent,  in  one  place  to  form  a  mass  3  cm.  in  diameter.  They  are  surroimded 
by  grey  atelectatic  lung  substance.  The  bronchi  are  distinctly  dilated  toward 
the  periphery  of  the  limg.    Bronchial  and  peritracheal  glands  much  enlarged. 

Microscopic  Examination, — ^The  left  limg  shows  the  bronchioles  throughout 
their  extent  filled  with  a  debris  of  epithelial  cells,  red  corpuscles,  and  great 
numbers  of  leucocytes  among  which  streptococci  are  found  in  pairs  and  chains. 
Gram-negative  bacilli,  apparently  influenza  bacilli,  are  also  present.  The  epi- 
thelium is  greatly  desquamated.  The  walls  are  thickened  partly  by  the 
great  distension  of  the  small  blood  vessels  and  the  separation  of  the  connective 
tissue  fibers,  but  chiefly  by  the  infiltration  of  mononuclear  cells.  The  lymphatics 
are  distended  and  contain  mononuclear  cells,  red  corpuscles,  and  streptococci. 
The  surrounding  alveoli  contain  a  few  leucoc3rtes,  red  corpuscles,  desquamated 
epithelial  cells,  and  fibrin.  Mononuclear  cells  are  also  present.  There  is  much 
coagulated  fluid  in  these  alveoli.  There  are  also  a  few  areas  in  which  the  alveoli 
are  packed  with  polymorphonuclear  leucocytes  with  little  fibrin.  In  these  areas 
streptococci  are  found,  although  they  are  rare  in  the  alveoli  which  contain  mono- 
nuclear and  epithelial  cells. 

The  right  lung  is  much  more  extensively  altered  as  though  by  a  process  of 
longer  standing.  The  pleura  is  converted  into  a  thick  granulation  tissue  with 
blood  vessels  growing  straight  up  into  the  hyaline  fibrin.  The  bronchi  are  di- 
lated, filled  with  leucocytes  and  disintegrated  epitheliiun.  The  epithelial  lining 
is  largely  destroyed  and  the  walls  are  very  greatly  thickened  and  converted  into 
a  sort  of  vascular  granulation  tissue  densely  infiltrated  with  mononuclear  cells. 
For  some  distance  roimd  each  bronchus  the  alveolar  walls  are  greatly  thickened 
by  the  infiltrating  mononuclear  cells  (Fig.  3) .  Elastic  tissue  stains  show  that  the 
framework  of  the  alveolar  wall  is  spread  apart  by  these  cells.    The  alveolar  con- 
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tents  are  composed  of  dense  fibrin  with  desquamated  epithelial  and  mononuclear 
cells.  Much  of  this  einidate  has  undergone  complete  organization  or  replace- 
ment by  new  vascular  connective  tissue  which  extends  from  the  bronchi  into 
many  alveolL  This  gives  added  density  to  the  consolidated  areas.  The  walls 
of  the  blood  vessels  are  spread  apart  and  thickened  through  the  infiltration  of 
their  adventitial  coats.  The  interlobular  septa  are  greatly  widened  by  infil- 
tration with  fluid  and  cellular  exudate  and  apparently  also  by  the  new  formation 
of  connective  tissue.  However,  lymphatics  appear  in  the  walls  of  the  bronchi 
and  o{  the  blood  vessels  and  in  these  interlobular  septa  they  are  very  wide  and 
filled  with  a  coagulum  of  fibrin  with  blood  corpuscles,  leucocytes,  and  especially 
mononuclear  cells.  These  fibrin  plugs  are  densely  sown  with  streptococci  which 
are  to  be  found  there  in  enormous  numbers  even  though  search  through  the 
lung  tissue  elsewhere  fails  to  reveal  them.  This  tends  to  support  the  view  that 
they  are  in  this  way  transmitted  to  the  pleura. 

Bacteriological  cultures  revealed  Streptococcus  hctmolyticus  in  the  heart's  blood 
and  lung. 

This  is  a  typical  case  of  interstitial  bronchopneumonia  with  empyema.  There 
is  interstitial  new  formation  and  organization  and  streptococci  show  well  in  the 
lymphatics.  There  is  great  thickening  of  alveolar  walls  and  great  density  of  the 
exudate.    In  places  there  is  lobular  pneumonia. 

Case  16, — ^J.  W.,  age  18  yrs.  Entered  hospital  Jan.  24,  1918,  with  painful 
cough  which  began  10  days  previously.  Had  a  chill  4  days  ago.  No  history  of 
measles.  On  entry  limgs  showed  dulness  and  r&les  in  the  right  back,  otherwise 
clear.  Leucocytes  22,200.  Temperature  99-104**  F.,  pulse  120-150,  respiration 
30-50.    Died  Feb.  2.    Autopsy  Feb.  2. 

Anatomical  Diagnosis:  Bilateral  interstitial  bronchopneumonia  with  fihrinopuru- 
lent  pleuritis  and  pericarditis. 

Left  pleural  cavity, — ^The  lung  is  boimd  to  the  pleura  by  fresh  fibrinous  adhe- 
sions. There  is  no  fluid  exudate.  Right  pleural  cavity, — ^The  surfaces  are  hemor- 
rhagic and  covered  with  a  thick  layer  of  fibrin  which  binds  them  together 
anteriorly.  In  the  posterior  part  of  the  cavity  there  is  an  accumulation  of  yellow 
turbid  fluid.  Between  the  upper  and  lower  lobes  behind  the  midlobe  there  is  an 
enclosed  pocket  filled  with  this  turbid  exudate  (Fig.  4).  Pericardial  cavity, — 
Contains  500  cc.  of  turbid  fluid.  The  surfaces  are  covered  with  a  thick  shaggy 
layer  of  fibrin.  Left  lung, — ^The  upper  lobe  is  greatly  distended  with  air  and  the 
bronchioles  are  normal  except  in  the  lower  part  where  they  become  the  centers 
of  snuiU  grey  nodules  surrounded  by  hemorrhage.  The  lower  lobe  is  completely 
collapsed,  and  on  section  dark  purple  in  color  but  studded  with  small  grey  nodules 
about  2  mm.  in  diameter  which  in  places  become  confluent.  Right  lung, — ^The 
bronchial  glands  are  much  enlarged,  the  lung  is  very  bulky  and  heavy  and  cov- 
ered with  thick  fibrinopurulent  exudate.  Most  of  the  hmg  except  the  apical 
portion  is  collapsed.  The  smaller  bronchi  are  grey  and  thickened,  especially  in 
the  lower  lobe  where  they  form  innumerable  small  grey  nodules,  several  to  each 
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bbule.  The  interlobular  septa  are  prominent  and  grey.  Liver, — Surface  smooth 
and  mottled,  lobules  large  and  very  distinct  with  grey  margins  and  dark  red 
centers. 

Microscopic  Examinaiion, — ^The  right  lung  is  most  extensively  affected,  prac- 
ticaUy  all  the  alveolar  walls  being  much  thickened  by  the  mononuclear  infiltration. 
The  changes  in  this  lung  are  thus  not  exclusively  in  the  bronchi.  The  pleura 
is  thickened  by  a  vascular  granulation  tissue  over  which  lies  the  fibrinous  ex- 
udate. This  is  best  seen  in  the  interlobar  space  where  the  fibrin  loses  its  stain- 
ing power  where  the  bacteria  become  most  abimdant.  Streptococci  are  present 
in  great  numbers  in  certain  rarefied  areas  and  there  many  of  them  are  enclosed  in 
phagocytes  so  that  they  look  like  little  balls  of  organisms.  The  interlobular  septa 
are  much  thickened  both  by  edema  and  new  formation  of  connective  tissue  cells 
and  by  infiltration  of  mononuclear  cells.  The  l3rmphatics  are  often  greatly  dis- 
tended and  thrombosed  and  loaded  with  streptococci.  The  bronchi  are  filled 
with  leucocytes  among  which  streptococci  may  be  found.  Many  have  lost  their 
epithelium.  In  others  the  bronchial  epitheliimi  is  lifted  up  by  a  rich  granulation 
tissue  which  has  developed  beneath  it.  In  all,  the  wall  is  greatly  thickened  and 
very  vascular  and  densely  infiltrated  with  mononuclear  cells.  The  alveoli  in  the 
neighborhood  but  also  throughout  rather  wide  areas  of  the  lung  substance  contain 
much  free  blood.  This  hemorrhage  is  widespread.  They  also  contain  dense 
fibrin,  desquamated  epithelial  cells,  and  mononuclear  cells,  but  in  many  places  this 
type  of  exudate  is  replaced  by  newly  formed  connective  tissue  which  is  richly 
vascular  and  which  runs  from  one  alveolus  to  another.  In  the  alveoli  which  en- 
close the  denser  masses  of  fibrin  no  bacteria  are  found.  There  are,  however,  a 
few  alveoli  which  contain  pol)rmorphonuclear  leucocytes  and  these  are  full  of 
streptococci.  In  the  bronchi  the  exudate  is  frequently  replaced  by  long  branching 
cylinders  of  fresh  vascular  connective  tissue.  These  may  stretch  from  one  wall 
of  the  bronchus  to  the  other  (Fig.  5).  The  infiltration  of  the  whole  framework  of 
the  lung  with  mononuclear  cells  and  its  general  thickening  through  new  formation 
of  connective  tissue  cells  are  a  striking  feature. 

The  bronchial  lymph  glands  are  swollen  and  hyperemic,  their  peripheral  l3anph 
sinuses  are  full  of  large  phagoc3rtic  cells,  and  often  plugged  by  a  fibrin  network. 
Bacteria  are  present,  but  not  in  great  numbers  and  not  in  phagocytes. 

The  liver  shows  extensive  fresh  focal  necroses  mostly  in  a  midzonal  position. 
They  are  irregular  in  form  and  extent.  All  the  liver  cells  remain  in  position  as 
red  necrotic  cords,  and  leucocytes  are  packed  among  them. 

The  pericardium  shows  a  rather  fresh  fibrinopurulent  exudate  without  any 
organization.    The  layer  of  lining  cells  is  still  intact. 

Cultures  from  the  heart's  blood,  lungs,  and  pericardial  exudate  showed  Strep- 
tococcus hctmolyticus. 

This  is  a  typical  case  of  interstitial  bronchopneumonia  with  empyema  and 
pericarditis  with  exceptional  infiltration  and  induration  without  very  extensive 
or  marked  peribronchial  consolidation.    Bacteria  numerous  in  lymphatics. 
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Case  32, — ^R.  S.,  age  25  yrs.  Patient  had  a  cold  with  cough  dating  from  Dec. 
15,  1917.  lUness  began  with  measles  about  Feb.  2,  1918;  entered  another 
ho^ital  Feb.  4.  Transferred  to  this  hospital  Feb.  7.  Still  shows  a  fading  macular 
eruption  and  marked  conjunctivitis.  Throat  injected  and  covered  with  whitish 
membrane  in  patches.  Dulness  at  the  bases  of  both  lungs  behind.  Breathing 
not  distinctly  tubular.  R&les  over  the  whole  lung.  Temperature  99.6**  F., pulse 
120,  respiration  32-34.  Very  restless  and  delirious.  Died  Feb.  9,  1918,  4.25 
a.m.  Sputum  showed  influenza  bacilli  and  a  few  streptococci.  Culture  from 
circulating  blood  gave  no  growth.    Autopsy  Feb.  9,  1918. 

Anatomical  Diagnosis:  Clinical  history  of  measles.  Bilateral  interstitial  bron- 
chopneumonia.    Subacute  fibrinous  pleuritis. 

Left  pleural  cavity. — ^The  cavity  contains  a  little  yellowish  fluid,  about  150  cc. 
At  the  apex  of  the  lung  are  a  few  fibrous  adhesions  and  denser  ones  exist  between 
the  lower  lobe  and  diaphragm.  The  pleura  over  the  posterior  surface  of  the  lung 
is  dark  greyish  red  and  roughened  by  exudate.  Right  pleural  cavity. — ^Largely  ob- 
literated by  old  adhesions  especially  in  the  lower  part.  There  is  no  accumulation 
of  fluid  and  no  fresh  fibrinous  exudate,  but  the  surface  is  covered  by  a  pleura 
thickened  to  the  consistency  of  stiff  kid  leather.  Left  lung. — The  lung  is  volumi- 
nous and  in  general  distended  with  air  except  for  one  area  of  collapse  in  the  lower 
lobe.  On  section  it  is  studded  throughout  with  minute  nodular  areas  of  consoli- 
dation which  project  like  tubercles.  The  bronchi  are  somewhat  reddened,  the 
bronchial  glands  moderately  enlarged.  Right  lung. — ^This  lung  is  insufflated  with 
air  in  all  three  lobes.  The  upper  lobe  shows  some  atelectatic  patches  which  are 
firmer  than  the  remainder  of  the  lobe.  These  are  2  cm.  in  diameter.  On  section 
there  are  foimd  scattered  over  the  whole  cut  surface  of  the  upper  and  lower  lobes 
small  grey  nodules  1  to  2  mm.  in  diameter  which  resemble  miliary  tubercles.  On 
dose  examination  many  of  these  nodules  have  a  central  depression  which  appears 
to  be  the  Itunen  of  a  bronchiole.  Many  of  them  are  pale  yellowish  grey  with  a  sur- 
roimding  paler  grey  zone.  A  few  are  surrounded  by  distinctly  collapsed  areas. 
There  are  lobules  in  which  a  dozen  or  more  of  these  nodules  are  visible  on  the  cut 
surface  and  in  which  hyperemia  with  some  hemorrhage  makes  them  stand  out 
prominently.  In  the  more  insufflated  areas  they  are  less  conspicuous  and  it  seems 
possible  that  the  thin  grey  halo  may  be  due  to  collapse  or  obliteration  of  the  im- 
mediately adjacent  alveoli.    The  bronchi  are  reddened  but  not  dilated. 

Epiglottis,  uvula,  larynx,  and  trachea  show  no  especial  abnormality,  although 
the  lymph  glands  about  the  larynx  are  enlarged. 

Microscopic  Examination, — ^The  pleural  surface  of  the  right  lung  shows  a  dense 
vascular  fibrous  tissue  beneath  which  is  a  looser  tissue.  There  is  a  strand  or  two 
of  fibrin  in  its  most  superficial  part.  The  interlobar  space  is  obliterated  by 
similar  tissue. 

The  bronchi  are  only  slightly  altered  (Fig.  6).  They  are  in  their  smaller 
branches  filled  with  leucoc3rtes  among  which  a  few  streptococci  can  be  foimd. 
No  influenza  badlli  can  be  found  in  the  sections.    The  epitheliimi  is  irregularly 
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interrupted,  and  in  some  cases  extensively  desquamated.  In  places  leucocytes 
have  accumulated  beneath  it.  The  walls  of  these  bronchi  and  bronchioles  are  in- 
filtrated with  cells  among  which  there  are  a  few  leucocytes.  Most  of  the  cells, 
however,  are  mononuclear  wandering  cells  of  the  type  of  l)rmphocytes,  a  few 
plasma  cells,  and  cells  of  somewhat  larger  size  with  paler  nucleus.  The  adjacent 
alveolar  walls  are  similarly  distended  and  thickened  with  mononuclear  cells.  The 
epithelium  of  the  alveoli  is  partly  desquamated.  The  alveoli  contain  leucocytes 
in  the  areas  round  the  terminations  of  the  bronchi  but  there  is  very  little  hem- 
orrhage. Also  there  is  very  little  fibrin  and  there  are  no  solid  plugs  such  as  are 
seen  in  more  advanced  cases.  There  is,  however,  coagulated  fluid  which  fills  the 
alveoli  round  the  minute  areas  of  consolidation.  There  are  a  few  rather  more 
extensive  patches  of  consolidation  in  which  for  some  distance  the  alveoli  are  filled 
with  leucocytes,  ragged  networks  of  fibrin,  blood,  and  coagulated  fluid,  but  these 
too  are  distinguished  by  the  marked  infiltration  of  the  bronchial  and  alveolar  walls 
and  the  walls  of  the  blood  vessels  with  mononuclear  cells  (Fig.  7).  Apart  from 
these  the  alveoli  are  filled  with  air  and  have  thin,  delicate  walls  until  the  pleura 
or  larger  blood  vessels  are  approached.  There  the  thickening  of  the  walls  again 
appears.  The  interlobular  septa  are  not  very  conspicuous  and  microscopically 
are  not  much  infiltrated.  Lymphatics  can  be  injected  from  the  pleura,  and 
although  they  contain  some  small  plugs  of  fibrin  and  cells,  the  injection  is  fairly 
complete.  The  mucosa  of  the  trachea  is  much  inflamed  and  infiltrated  with 
mononuclears.  There  are  a  few  streptococci  upon  its  surface.  The  tonsils  show 
many  streptococci  in  their  crypts. 

Cultures  from  both  lungs  showed  Streptococcus  hamolyticus  and  the  influenza 
bacillus. 

Case  34. — ^J.  W.  G.,  age  18  yrs.  Said  to  have  had  measles  at  the  age  of  7. 
Began  to  feel  ill  on  Jan.  27, 1918,  with  coryza,  conjunctivitis,  sore  throat,  malaise, 
and  fever,  but  no  chills.  On  Feb.  1  measles  rash  appeared  and  the  patient  en- 
tered the  hospital  with  a  bad  cough  and  abundant  sputum.  There  was  diffi- 
culty in  breathing,  insomnia,  and  delirium.  Pharynx  reddened,  old  ELoplik 
spots  on  buccal  mucous  membrane,  dark  purplish  papular  crescentic  rash  on  face, 
neck,  chest,  arms,  and  back.  This  later  became  confluent  in  places  and  assimied 
a  purpuric  appearance.  The  rash  began  to  fade  on  Feb.  5,  but  could  be  seen  also 
in  the  mouth.  Breathing  difficult  especially  on  inspiration  when  accessory  muscles 
are  brought  into  play.  No  definite  localized  dulness  in  the  thorax  nor  any  tubu- 
lar breathing;  moist  r^es  heard  everywhere.  Feb.  6,  (Dr.  Cole)  respiratory 
movements  slight,  breathing  almost  entirely  diaphragmatic.  Marked  retrac- 
tion of  lower  chest  on  inspiration.  Percussion  note  resonant  over  both  sides 
anteriorly  and  posteriorly.  On  auscultation,  inspiration  is  loud  and  accompanied 
everywhere  by  numerous  coarse  and  medium  mucous  riles,  but  expiration  is 
practically  not  heard.  Examination  reveals  no  areas  of  definite  impairment  or 
blowing  breathing.  Leucocytes  28,000.  Temperature  100-104**F.,  pulse  100-140, 
respiration  25-50.  Died  Feb.  10  at  2.30  a.m.,  14  days  after  onset  of  measles. 
Cidture    of    sputum    shows    Streptococcus    hcsmolyticus.    Autopsy    Feb.    10. 
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Anatomical  Diagnosis:  Bilateral  interstitial  bronchopneumonia  with  fibrino- 
purulent  pleuritis. 

Left  pleural  cavity, — Contains  a  moderate  quantity  of  fluid  which  is  turbid 
and  yellowish  with  a  little  floating  fibrin.  The  pleura  over  the  lung  is  dis- 
tinctly thickened  and  white.  Right  pleural  cavity, — G)ntains  no  excess  of 
fluid.  The  surfaces  are  smooth  and  glistening  eltcept  over  the  posterior  and 
diaphragmatic  surfaces  where  the  gloss  is  lost.  Left  lung. — ^There  are  no  adhe- 
sions although  the  pleura  is  thickened  and  dull  looking.  The  posterior  and  lower 
part  of  the  upper  lobe  is  dense  and  on  section  it  is  found  that  in  this  region,  which 
extends  about  4  cm.  inward  from  the  pleura,  the  interlobular  septa  are  greatly 
thickened  and  stand  out  prominently  as  greyish  yellow  ridges.  The  bronchi 
are  very  much  thickened  and  are  filled  with  purulent  exudate.  In  each  of  the 
sharply  outlined  lobules  there  are  several  focal  consolidations  which  correspond 
with  the  terminal  branches  of  the  bronchi.  The  surrounding  limg  tissue  is 
gre3dsh  yellow,  edematous,  and  rather  translucent.  The  uppermost  part  of  the 
lung  is  air-containing  (Figs.  8  and  9).  Right  lung, — ^The  limg  is  voluminous  and 
its  surface  is  smooth  except  over  the  base  of  the  lower  lobe  where  there  is  a  thin 
fibrinous  exudate.  In  the  upper  lobe  the  interlobular  septa  are  prominent  and 
there  are  a  few  projecting  nodules  which  correspond  to  the  bronchial  branches. 
The  bronchi  are  very  much  thickened  although  the  surrounding  limg  substance 
appears  to  be  air-containing.  The  lower  part  of  the  lower  lobe  shows  the  same 
marking  out  of  the  lobules  and  thickening  of  the  bronchi  with  small  peribronchial 
areas  of  consolidation.  The  upper  portion  and  anterior  parts  of  all  the  lobes  are 
air-containing.    The  bronchial  glands  are  much  enlarged. 

Other  organs  appear  normal. 

Microscopic  Examination, — ^The  lungs  show  the  most  advanced  changes.  The 
pleura  over  the  left  limg  is  thickened  so  as  to  form  a  layer  of  dense  granulation 
tissue  upon  the  surface  of  which  there  is  a  thin  interrupted  layer  of  very  compact 
fibrin.  The  lymphatics  in  the  pleura  are  not  especially  conspicuous.  The  inter- 
lobular septa  are  very  wide,  as  was  observed  in  the  gross  specimen  and  are  the 
seat  of  a  great  quantity  of  fluid  and  a  network  of  fibrin.  There  are  streptococci 
scattered  in  the  meshes  of  this  fibrin  in  small  nimibers.  This  edema  and  infil- 
tration of  the  interlobular  septa  is  not  universal.  In  places  the  septa  while 
greatly  thickened  are  quite  dense  and  composed  of  new  connective  tissue.  The 
most  striking  feature  of  the  sections  is  the  presence  of  enormous  lymphatics  which 
lie  in  the  course  of  these  interlobular  septa  or  in  one  margin  of  the  septum  (Fig. 
10).  They  form  broad  beaded  canals  often  2  mm.  in  width,  each  segment  adjoin- 
ing the  next  by  a  truncated  end  across  which  the  septum  can  be  seen.  These 
compress  the  adjacent  alveoli.  The  endothelial  lining  can  be  seen  clearly  in 
places.  They  are  filled  with  leucocytes,  fibrin,  and  coagulated  fluid,  and  mingled 
with  these  are  enormous  numbers  of  streptococci  in  rather  long  chains. 

The  bronchi  are  altered  in  extreme  degree  (Fig.  11).  Few  of  them  retain  their 
q>ithelial  lining  in  anything  like  its  normal  arrangement.    In  some  it  is  com- 
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pletely  desquamated,  in  others  lifted  up  as  a  whole  and  collapsed  together  (Fig. 
12).  In  still  others  it  is  stretched  out  so  that  the  cells  are  much  flattened. 
Some  of  the  bronchi  show  a  high  columnar  epithelium  which  appears  to  form  a 
layer  several  celb  deep.  The  lumen  of  the  bronchus  is  filled  with  leucocytes  or  a 
mixture  of  leucocytes,  red  corpuscles,  and  desquamated  epithelium  with  many 
streptococci,  but  no  other  organisms.  The  walls  are  greatly  thickened  and 
extremely  vascular.  Many  new  vesseb  must  have  been  formed,  and  there  are 
evidently  many  newly  formed  connective  tissue  cells.  The  wall  is  thus  com- 
posed of  a  loose  vascular  tissue  which  is  densely  infiltrated  with  mononuclear 
cells  of  various  types.  None  of  these  is  ever  very  large,  however.  The  same 
is  true  of  the  alveolar  walls  in  a  decreasing  degree  as  one  passes  from  the 
bronchus,  large  vessel,  interlobular  septa,  or  pleura  into  the  lung  substance. 
Nevertheless  there  are  many  areas  in  which  the  alveolar  walls  are  thickened 
and  infiltrated  over  a  wide  extent  of  tissue.  In  the  alveoli  near  the  a£fected 
bronchi  there  are  desquamated  epithelial  cells  and  mononuclear  wandering  cells 
together  with  a  dense  mass  of  fibrin.  In  many  places  this  fibrin  is  distinct- 
ly invaded  by  new  connective  tissue  cells  and  in  places  even  by  blood  ves- 
sels. The  organization  is  nowhere  complete,  however.  The  fibrin  tends  to 
decrease  as  one  passes  from  the  bronchus,  and  the  more  outlying  alveoli  are 
filled  with  fluid  and  red  corpuscles.  These  together  with  the  degenerated 
and  desquamated  epithelial  cells  probably  give  the  yellowish  color  to  the 
wide  zones  surroimding  the  affected  bronchi.  There  are,  however,  in  connec- 
tion with  some  of  these  bronchi  considerable  areas  of  alveoli  which  are  packed 
with  leucocytes  held  in  a  delicate  network  of  fibrin  and  heavily  loaded  with 
streptococci.  The  organisms  in  these  patches  are  as  numerous  as  one  ever  sees 
pneumococd  and  are  enclosed  in  phagocytes  in  the  same  way.  That  they  are 
streptococci  is  seen  from  their  occurrence  in  long  wavy  chains,  although  most  of 
them  are  in  pairs  or  short  chains.  The  blood  vessels  are  not  markedly  affected. 
Thus  in  this  case  the  advanced  stages  of  the  interstitial  bronchopneumonia  are 
pretty  well  developed  in  association  with  patches  of  a  more  distinctly  lobular 
pneumonia,  extensive  collateral  edema,  and  great  distension  of  the  lymphatics. 
The  enormous  filling  of  the  lymphatics  with  streptococci  seems  to  afford  the  best 
explanation  of  their  transportation  to  the  pleura.  It  is  evident  that  the  lymph 
stream  is  stopped  and  that  they  must  extend  by  their  own  growth. 

The  bronchial  gland  is  densely  infiltrated  with  large  mononuclear  cells  so  that 
its  architecture  is  almost  obliterated .  It  is  very  hyperemic  and  contains  enormous 
numbers  of  streptococci  in  the  sinuses. 

Case  37, — A.  H.,  age  24  yrs.  Had  pneumonia  in  1914  when  he  imderwent 
an  operation  for  resection  of  a  rib  for  empyema.  For  several  days  prior  to  Jan. 
28,  1918,  had  a  cold.  On  that  day  felt  sick,  aching  all  over,  chill  with  fever 
and  vomiting.  Entered  hospital  Jan.  29.  Examination  Feb.  11  showed  extreme 
respiratory  difficulty  with  cyanosis.  Measles  rash  over  whole  body.  Con- 
junctivitis.   Inspiration  seems  especially  difficult  and  cyanosis  is  out  of  proportion 
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to  the  signs  in  the  chest.  No  definite  duhiess  or  tubular  breathing  anywhere. 
Large  moist  riles  over  the  entire  chest.  Patient  remained  in  same  condition  ex- 
tremely sick  until  Feb.  13  when  he  died,  16  days  after  the  onset  of  measles.  Spu- 
tum was  yellow,  mucopurulent,  and  contained  influenza  bacillus  and  Streptococcus 
kamdyticus.  Blood  culture  taken  Feb.  11  was  negative.  Autopsy  Feb.  13, 
1918, 1  hour  after  death. 

A  natomical  Diagnosis:  Clinical  history  of  measles.  Bilakral  interstitial  broncho- 
pneumonia  with  fibrinopurukm  pleuritis. 

Left  pleural  caw/y.—Contains  500  cc.  of  turbid  fluid  with  thick  floating 
shreds  of  fibrin;  between  the  hmg  and  the  pericardium  there  are  slight  ad- 
hesions. Right  pleural  cavity. — Obliterated  by  firm  adhesions.  There  is  a 
scar  in  the  posterior  axillary  line  on  the  right  side  over  the  9th  rib,  part  of 
which  was  removed  in  the  old  empyema  operation.  The  two  ends  of  the  rib 
are  connected  by  fibrous  tissue,  and  spicules  of  bone  have  grown  out  into 
this  portion  which  evidently  contained  periosteum.  Left  lung. — ^The  lung  is 
not  very  voluminous,  the  lower  lobe  being  partly  collapsed.  The  upper  lobe 
is  air-containing  throughout,  the  apex  and  anterior  border  being  especiaUy 
distended.  At  the  upper  posterior  tip  of  the  lower  lobe  there  is  a  firm  area. 
Right  lung  {Fig.  13). — ^Voluminous  and  in  general  air-containing.  There  are, 
however,  some  collapsed  patches  in  which  one  can  feel  nodules.  On  section 
the  lung  is  foimd  to  be  studded  throughout  with  small  greyish  nodules  which 
project  in  groups  of  two  or  three.  One  can  readily  see  with  the  naked  eye  that 
they  are  the  branches  of  the  bronchioles  with  greatly  thickened  opaque  yeUowish 
white  walls  and  central  lumen.  Some  of  them  are  surrounded  by  zones  of  col- 
lapse, others  by  a  halo  of  dark  greyish  red.  The  bronchi  when  opened  are  grey, 
not  especially  reddened  or  distended  with  exudate.  The  bronchial  glands  are 
enlarged.    Trachea  and  main  bronchi  are  somewhat  reddened. 

Cultures  at  autopsy  from  the  blood  gave  no  growth.  From  the  right  lung 
Streptococcus  hcemolyticus  and  the  influenza  bacillus  were  recovered. 

Microscopic  Examination. — ^The  left  limg  shows  a  pleura  slightly  thickened  and 
composed  of  edematous  new  tissue  covered  with  a  dense  layer  of  fibrin.  The 
bronchi  are  dilated  and  are  quite  large  even  near  the  pleura.  The  epithelium  is 
stretched  out  into  thin  flat  cells.  They  contain  leucocytes  with  very  few  strepto- 
cocci in  chains  but  great  numbers  of  influenza  bacilli.  The  walls  of  the 
bronchi  are  extraordinarily  thick.  They  are  loose  in  texture  as  though  spread 
out  by  edema.  The  original  tissue  can  no  longer  be  recognized  but  is  re- 
placed by  the  lattice  work  of  new  fibers  among  which  there  are  many  mono- 
nuclear wandering  cells.  The  adjacent  alveolar  walls  are  distinctly  widened  by 
the  infiltration  of  such  mononuclears,  but  they  are  not  very  thick.  The  alveoli 
contain  dense  networks  of  fibrin,  many  desquamated  epithelial  cells,  and  some 
mononuclears.  In  places  there  are  alveoli  filled  with  leucocytes.  The  inter- 
lobular septa  are  not  conspicuous,  and  lymphatics  are  hardly  to  be  foimd. 
The  blood  vessels  are  practically  imchanged  in  appearance.    Such  a  portion  of 
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the  lung  appears  solid  because  of  the  confluence  of  the  areas  of  consolidation 
from  one  bronchiole  to  another. 

In  the  right  lung  the  striking  feature  is  that  the  alveolar  tissue  between  the 
bronchi  is  air-containing  and  made  up  of  very  thin  walled  alveoli.  The  pleura  is 
thickened,  but  the  thickening  is  produced  by  many  frayed  out  layers  of  old  fibrous 
tissue  which  formerly  boimd  the  limg  to  the  chest  wall.  There  is  no  fibrin.  The 
interlobular  septa  are  thick,  dense,  and  fibrous  without  much  evidence  of  recent 
inflammatory  change.  The  bronchi  are  greatly  altered,  and  contain  in  most 
cases  a  mass  of  leucocytes,  but  the  epithelial  lining  is  usually  intact,  at  least 
in  part.  The  wall  is  very  thick  and  dense  and  is  somewhat  infiltrated  with 
mononuclear  cells.  In  many  cases  the  great  thickening  of  the  bronchial  wall  is 
all  that  attracts  attention  because  the  adjacent  alveoli  are  normal.  In  other 
places  the  epithelium  is  partly  desquamated;  the  surrounding  alveoli  are  filled 
with  organizing  dense  fibrin  and  mononuclear  celb  (Fig.  14).  The  organization 
of  the  fibrin  appears  to  begin  in,  or  extend  into  the  bronchi,  for  the  exudate  is 
often  foimd  partly  replaced  by  new  connective  tissue.  There  are  in  other  places 
still  patches  of  alveoli  directly  associated  with  an  affected  bronchus  which  are 
fiUed  with  leucocytes  or  fibrin.  These  give  the  character  of  lobular  pneu- 
monia, or  would  if  they  were  extensive  or  numerous  enough. 

The  dense  old  thickening  of  pleura,  interlobular  septa,  and  bronchial  walls, 
in  contrast  with  the  changes  in  the  opposite  lung,  suggests  that  these  more  chronic 
or  finished  changes  may  have  dated  from  the  time  of  his  previous  empyema  with 
operation.  Nevertheless  most  of  the  small  peribronchial  fod  of  infiltration  in 
this  lung  which  project  like  tubercles  over  the  whole  surface  are  imdoubtedly 
the  result  of  the  present  infection. 

Case  39, — C.  L.  A.,  age  19  yrs.  Had  whooping  cough  when  a  baby,  measles  at 
the  age  of  9,  diphtheria  at  12,  and  mumps  and  scarlet  fever  at  14.  Began  on  Jan. 
23, 1918,  with  a  chill,  fever,  headache,  and  nosebleed.  No  conjunctivitis,  coryza, 
or  sore  throat.  Has  had  no  rash  at  any  time,  although  on  his  transfer  card  was 
the  diagnosis  measles.  Entered  hospital  Jan.  25  with  cough  and  shortness  of 
breath,  with  pain  over  left  chest  and  left  side  of  abdomen.  Is  extremely  sick, 
cyanotic,  and  cold.  Breathing  shallow  and  rapid.  Clear  mentally.  Eyes 
bright  with  no  conjimctival  hemorrhages.  Physical  examination  of  the  chest 
shows  shifting  flatness  on  the  left  side  with  t3rmpany  in  the  axilla  and  a  definite 
splash  on  shaking.  Breath  soimds  over  the  tympanitic  front  are  amphoric.  On 
the  right  side  there  is  dulness  over  the  lower  back.  Breath  soimds  distant;  ex- 
piration is  indistinct.  Numerous  moist  and  sonorous  r&les.  Heart  is  greatly 
displaced  to  the  right.  On  Feb.  13  aspiration  of  the  left  chest  yielded  a  thin 
purulent  fluid  which  in  films  and  cultures  showed  Streptococcus  fusmolyticus  in 
pure  culture.  Sputum  foul,  greyish  white,  purulent,  and  tenacious.  Contains 
Streptococcus  Juemolyticus  and  B,  influenza.  Blood  culture  negative.  Died 
Feb.  14,  1918,  4  a.m.    Autopsy  Feb.  14,  1918,  10  a.m. 
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Anatomical  Diagnosis:  Doubtful  clinical  history  of  measles.  Bilateral  interstitial 
brondiopneumonia  with  fibrinopurulent  pleuritis  and  pneumothorax  (left). 

Left  pleural  cavity. — Contains  air.  There  are  also  1,500  cc.  of  thin  turbid 
brownish  fluid  with  very  little  floating  flbrin.  The  sediment  settles  leaving  the 
fluid  almost  dear.  Right  pleural  cavity. — Contains  no  excess  of  fluid.  Pleural 
surfaces  anteriorly  smooth  and  glistening,  but  over  the  posterior  part  of  the  limg 
they  have  lost  their  gloss.  Left  lung. — ^The  lung  is  smaU  and  heavy  and  appears 
to  be  entirely  collapsed.  The  pleura  over  it  is  grey,  slightly  thickened,  and 
studded  here  and  there  with  hemorrhages  over  its  slightly  roughened  surface. 
The  uppermost  part  of  the  upper  lobe  can  be  distended  with  air,  but  the  lower 
and  posterior  parts  remain  collapsed.  The  bronchi  are  dilated  and  thickened 
and  the  small  branches  are  surroimded  by  a  grey-yeUow  zone  which  is  solid. 
The  upper  part  of  the  lower  lobe  can  be  dbtended.  The  lower  part  is  solid, 
but  it  can  be  seen  easily  that  each  tiny  branch  of  the  bronchi  is  thickened  and 
surroimded  by  its  own  yellowish  solid  nodule  and  there  it  is  the  confluence  of 
these  nodules  which  gives  the  solidity  to  the  whole.  In  the  lowermost  edge  there 
is  even  a  portion  which  can  be  distended  with  air  although  most  of  the  bronchioles 
are  packed  with  exudate.  The  bronchi  are  widened  and  their  walls  thickened 
there  also,  and  one  has  the  sensation  of  cutting  a  rubber  tube  when  they  are 
opened  with  scissors.  Right  lung  (Fig.  15). — ^The  limg  is  volimiinous  and  shows 
a  smooth  pleural  surface.  When  distended  with  air  it  is  foimd  that  a  patch  in  the 
ui^r  lobe  at  the  lower  margin  and  one  in  the  lower  lobe  above  the  middle  re- 
main dense  and  nodular.  Each  bronchiole  on  section  is  thickened  and  yellow 
and  surroimded  with  a  little  zone  of  consolidation  and  a  wider  zone  of  hemor- 
rhage.   The  large  bronchi  are  reddened,  but  the  lung  otherwise  seems  normaL 

Cultures  at  autopsy  from  the  pleural  fluid,  pericardial  fluid,  blood,  and  both 
hngs  show  Streptococcus  luemolyticus. 

Microscopic  Examination. — ^The  lesion  m  the  left  lung  is  rather  more  advanced 
than  in  the  right,  but  of  the  same  character.  The  pleura  is  thickened,  but  inter- 
bbular  septa  are  not  greatly  widened.  The  bronchi  in  the  left  lung  have  in  many 
instances  retained  their  epithelium,  although  the  wall  is  greatly  thickened  and 
infiltrated.  Hemorrhage  is  common  in  this  wall  and  in  the  adjoining  tissue.  The 
infiltration  and  thickening  of  the  alveolar  walls  extend  quite  wide  of  the  bronchi. 
In  places  there  is  complete  loss  of  the  epithelium,  and  a  bronchus  except  for  its 
orderly  arrangement  of  blood  vessels  in  the  wall  would  resemble  an  abscess. 
Very  few  streptococci  are  visible  even  in  the  bronchi.  The  surrounding  tissue  is 
consolidated  not  only  by  the  interstitial  thickening  of  the  alveolar  walls,  but  by 
the  alveolar  exudate  which  is  composed  partly  of  fibrin,  blood,  and  epithelial  cells, 
and  is  partly  already  organized  into  a  loose  connective  tissue.  Hemorrhage  is 
abundant  in  the  alveoli  and  in  the  tissues.  There  are  several  areas  where  the 
alveoli  are  filled  with  an  exudate  of  polymorphonuclear  leucocjrtes.  These  are 
somewhat  richer  in  bacteria. 


Digitized  by 


Google 


30  PNEUMONIA  IN  ARMY  CAMPS 

Case  41,— V,  A.  I.,  age  20  yrs.  Began  Jan.  28,  1918,  with  chill,  fever,  and 
cough.  Rash  appeared  Jan.  31,  but  there  was  no  conjunctivitis  or  coryza.  Ad- 
mitted to  hospital  Feb.  2.  Sweats  profusely,  complains  of  difficulty  in  breathing, 
and  coughs  a  great  deal.  There  is  marked  cyanosis,  patient  half  sitting  up  in  bed 
and  bringing  into  play  the  accessory  muscles  of  respiration.  Face  flushed,  rash 
weU  marked  over  the  body.  Pharynx  very  red.  Dulness  over  left  axilla  and 
lower  back  and  in  right  interscapular  region.  Breathing  distinct  but  not  tubular. 
Niunerous  sonorous  r&les.  Left  chest  aspirated  Feb.  13,  but  no  fluid  obtained. 
Sputum  grey  and  purulent  and  tenacious;  contains  Streptococcus  Jutmolytiais  as 
predominating  organism.  Blood  cultures  made  on  Feb.  13  and  14  when  patient 
was  d3ring  gave  pure  culture  of  Streptococcus  hctmolyticus.  Died  Feb.  14,  1918, 
17  days  after  the  onset  of  measles.    Autopsy  Feb.  14, 1918. 

Anatomical  Diagnosis:  Clinical  history  of  measles.  BHaieral  interstiUal  broncho- 
pneumonia with  serofibrinous  pleuritis. 

Left  pleural  cavity. — Contains  about  300  cc.  of  turbid  fluid  with  shreds  of 
fibrin.  The  pleural  surface  of  the  upper  lobe  of  the  lung  is  smooth,  while  that 
over  the  posterior  part  and  lower  lobe  is  roughened  by  fibrin.  Right  pleural 
cavity. — Contains  about  500  cc.  of  turbid  fluid.  The  surfaces  arc  roughened  by 
fibrin.  Left  lung. — ^The  bronchial  lymph  glands  are  very  soft  and  large.  The 
bronchi  contain  a  gre3rish  mucoid  material.  The  upper  lobe  of  the  limg  is  pale 
and  air-containing,  the  lower  lobe  partly  airless  and  dark  red.  On  section  the 
upper  lobe  is  studded  with  small  yellowish  grey  nodules  2  to  3  cm.  in  diameter 
with  a  central  lumen.  These  are  prominent,  but  when  the  lung  has  been  har- 
dened and  freshly  cut  they  appear  as  small  branching  bronchi  with  thickened 
walls  and  opaque  piurulent  contents.  In  the  lower  lobe  the  bronchi  are  thick, 
dark  red,  and  prominent,  and  stand  open.  The  nodules  surrounding  the  small 
ones  are  larger  than  in  the  upper  lobe,  granular,  yellowish  grey  and  red,  and  con- 
fluent. Alveolar  contents  can  be  seen  to  project  in  these  nodules.  On  longitu- 
dinal section  of  the  bronchi  the  yellow  opaque  contents  contrast  with  the  thick 
grey  wall  and  the  outer  zone  of  hemorrhages  followed  by  the  grey  granular  con- 
solidation. The  walls  of  these  bronchi  in  the  smaller  branches  are  1  mm.  thick 
(Fig.  16).  Right  lung. — ^The  anterior  portions  of  the  lobes  are  air-containing, 
while  the  posterior  parts  are  dark  red,  heavy,  and  airless.  The  upper  lobe  can 
be  partly  insufflated.  It  is  studded  with  yeUowish  grey  peribronchial  nodules. 
Interlobular  septa  broad  and  conspicuous.  In  the  posterior  part  the  lung  be- 
comes solid,  the  peribronchial  nodules  are  large,  1  to  2  cm.  in  diameter,  and 
of  a  uniform  yellow  color  (Fig.  1 7) .  They  have  a  ragged  central  bronchial  lumen 
and  are  separated  from  neighboring  consolidations  by  a  deeply  hemorrhagic 
solid  lung  substance.  This  contrast  between  bright  yellow  nodules  of  homo- 
geneous consistency  and  the  deep  red  intervening  areas  is  very  striking  and  gives 
a  peculiar  marbling  not  seen  in  other  cases.  Nevertheless  this  is  only  an  exag- 
geration of  the  conditions  found  in  other  limgs.  The  lower  lobe  is  firm  and 
densely  studded  with  rather  large  peribronchial  nodules  about  the  smaller 
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bronchi.  It  is  the  smaller  branches  of  the  bronchi  whose  walls  become  greatly 
thickened.  One  finds  on  passing  to  the  larger  ones  that  their  walls  are  practi- 
cally unaffected.    Bronchial  glands  are  large  and  soft. 

Ctdtures  from  the  blood,  lungs,  a<id  pericardii  fluid  showed  Streptococcus 
hamdyticus  in  pure  culture. 

Microscopic  Examination, — ^The  same  general  condition  is  found  throughout 
both  lungs.  It  is  the  interstitial  bronchopneumonia  described  so  often,  but  de- 
veloped to  its  maTimum.  The  pleura  is  not  greatly  thickened,  but  b  covered 
by  a  thin  layer  of  dense  fibrin  in  most  places.  The  interlobular  septa  are  wide 
and  contain  large  lymphatic  channels  choked  and  distended  with  masses  of  cells 
and  fibrin.  Many  of  these  cells  are  polymorphonuclear  leucocytes,  while  others 
are  mononuclear  cells. 

The  bronchi  are  dilated,  often  to  such  an  extent  as  to  reduce  their  lining  epi- 
thelium to  a  flattened  layer  throughout.  It  is  probable  that  this  is  not  a  mere 
effect  of  stretching,  but  is  caused  in  part  by  this.  The  lumen  is  full  of  leucocytes 
with  relatively  few  streptococci.  These  organisms  do  not  in  this  case  penetrate 
into  the  tissue  in  any  great  numbers  and  are  scarcely  to  be  found  in  the  alveoli, 
although  they  are  found  in  the  distended  l3anphatics.  No  other  bacteria  are 
found.  The  wall  of  the  bronchus  is  sometimes  colossally  thickened  (Fig.  18) 
and  forms  a  dense  mass  of  mononuclear  wandering  cells  embedded  in  a  meshwork 
which  is  composed  of  the  original  connective  tissue  and  muscle  of  the  bronchus. 
But  to  this  there  has  evidently  been  added  a  great  deal  of  new  connective  tissue 
which  is  extremely  vascular,  especially  just  beneath  the  epithelium  (Fig.  19). 
Possibly  this  great  vascularity  represents  only  the  extreme  hyperemia  of  the  pre- 
existing tissue.  One  might  regard  this  as  the  result  of  enormous  h3rperplasia  of 
the  minimal  supply  of  lymphoid  tissue  which  exists  in  the  normal  bronchial 
waU.  Possibly  that  is  a  correct  interpretation  for  some  of  it,  since  in  other  less 
advanced  cases  it  is  sometimes  seen  that  the  lymphoid  tissue  is  much  increased 
m  bulk,  and  even  becomes  continuous  to  form  a  mantle  about  the  bronchus. 
Occasionally  these  bronchi  are  surrounded  by  air-containing  tissue  whose  al- 
veolar walls  are  then  almost  normal.  But  usually  they  are  surrounded  by  a 
considerable  area  of  lung  tissue  consolidated  by  the  filling  of  the  alveoli  with 
blood,  desquamated  epithelial  cells,  and  fibrin,  together  with  a  few  mononuclear 
cells  (Fig.  20).  In  such  areas  the  alveolar  walls  are  greatly  thickened  by  mono- 
nuclear invading  cells,  and  this  is  especially  true  of  the  tissue  about  blood 
vessels  and  septa.  The  appearance  is  similar  to  that  seen  in  other  cases  except 
that  everything  is  exaggerated  in  this  case. 

The  large  dense  yellowish  white  areas  described  in  the  upper  lobe  of  the  right 
lung  represent  the  extreme  of  this  exaggeration.  They  have  central  bronchi  and 
are  made  up  of  tissue  whose  framework  is  densely  infiltrated  but  whose  alveoli 
are  filled  with  solid  masses  of  fibrin  enclosing  very  few  cells.  There  are  no  leu- 
coc3rtes  and  only  a  few  remnants  of  epithelial  or  mononuclear  cells.  Blood  has 
ceased  to  exist  in  these  alveoli,  but  there  is  a  beginning  organization  of  the  fibrin. 


Digitized  by 


Google 


32  PNEUMONIA  IN  ARMY  CAMPS 

In  the  periphery  of  such  areas  red  blood  corpuscles  become  very  numerous  in  the 
alveoli  and  still  farther  out  are  the  predominant  elements.  It  gives  the  impres* 
sion  that  red  corpuscles  were  at  one  time  present  in  the  alveoli  which  are  now  so 
densely  filled  with  fibrin.  The  blood  vessels  in  these  limgs  are  not  altered  except 
by  the  great  infiltration  of  their  walls  with  mononuclear  cells,  and  in  the  larger 
ones  by  the  thrombosis  of  their  adventitial  lymphatics.  They  are  never  throm- 
bosed. 

Case  49. — C.  P.,  age  21  )n^.  No  previous  history  of  exanthematic  disease. 
On  Feb.  9  vomited,  after  which  he  began  to  have  fever.  Next  day  noticed  a 
faint  redness  over  the  skin  of  the  chest.  Entered  hospital  Feb.  11  with  a  bright 
red  rash  over  chest,  neck,  face,  abdomen,  and  arms.  Diagnosis  of  scarlet  fever 
was  made.  Feb.  18,  the  urine  showed  a  faint  trace  of  albumin,  no  casts.  Be- 
came restless  and  delirious.  Dulness  with  rides  over  upper  and  midlobes  of  right 
lung.    Died  Feb.  21,  1918.    Autopsy  Feb.  21,  1918,  at  2  p.m. 

Anatomical  Diagnosis:  Clinical  history  of  scarlatina.  Interstitial  bronchopneu- 
monia with  empyema  (right) .    Bilateral  lobular  pneumonia. 

Left  pleural  cavity. — Contains  no  excess  of  fluid.  Surfaces  of  the  pleura  smooth 
and  glistening.  Right  pleural  cavity. — ^The  lower  lobe  of  the  right  lung  is  adherent 
by  fibrinotis  adhesions  to  the  costal  pleura  and  diaphragm.  The  anterior  margin 
of  the  limg  is  adherent  to  the  pericardium  by  light  fibrinous  adhesions.  Between 
the  lower  lobe  and  the  pericardium  there  is  a  pocket  containing  about  75  cc.  of 
greenish  yellow  turbid  fluid  with  shreds  of  fibrin.  The  upper  lobe  is  collapsed  and 
between  it  and  the  chest  wall  there  is  an  accimiidation  of  slightly  turbid  greenish 
fluid  in  which  there  are  large  floating  shreds  of  fibrin.  The  surface  of  all  the  lobes 
is  covered  by  a  fibrinous  exudate  which  in  places  measures  3  mm.  in  thickness. 
Left  lung. — ^The  surface  is  smooth  and  the  lung  is  in  general  air-containing  and 
easily  inflated.  In  the  anterior  portion  of  the  lower  lobe  there  are  several  small 
areas  in  which  the  alveoli  are  filled  with  an  exudate  of  greyish  red  color.  There 
are  also  a  few  bronchi  which  show  a  thickened  wall  and  are  surrounded  by  a 
hemorrhagic  zone.  Right  lung. — ^The  lung  is  small  and  collapsed  with  a  thick- 
ened pleura.  The  lobes  are  boimd  together  and  covered  by  a  thick  yellow  coat  of 
fibrin.  The  upper  lobe  is  air-containing  in  its  apical  portion  but  in  the  lower 
part  the  bronchi  are  thickened  and  surrounded  by  greyish  zones  of  consolidation 
which  tend  to  become  confluent.  The  intervening  lung  substance  is  grey  and 
rather  translucent.  The  lower  lobe  is  uniformly  studded  in  its  posterior  portion 
with  thickened  bronchioles  with  grey  confluent  halos  partly  separated  by  a 
darker  grey-red  intervening  lung  substance.  The  interlobular  septa  are  wide 
and  prominent.  The  bronchial  lymph  glands  are  large  and  softened.  Kidneys, 
— ^No  gross  abnormality. 

Cultures  from  pleural  fluid,  right  lung,  and  heart's  blood  all  show  Streptococcus 
hcsmolyticus. 

Microscopic  Examination. — ^The  right  lung  shows  a  thickened  pleura  with  granu- 
lation tissue  covered  with  fibrin.    The  interlobular  septa  are  wide  and  infiltrated 
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with  fluid,  fibrin,  and  mononuclear  cells.  The  lymphatics  are  not  very  con- 
spicuous. The  bronchi  contain  leucocytes  and  show  desquamation  of  epithelium 
with  thickening,  infiltration,  and  hyperemia  of  the  wall.  The  adjacent  and  even 
quite  far  distant  alveoli  present  similar  infiltration  and  thickening  of  their  walls. 
They  contain  much  fluid  with  desquamated  epithelial  cells  or  are  filled  with  dense 
fibrin.  Organization  of  this  exudate  has  occurred  in  places.  There  are  a  few 
areas  in  which  the  alveoli  are  filled  with  an  exudate  of  leucocytes  and  fibrin,  but 
these  are  not  so  niunerotis  as  might  be  expected  from  the  gross  appearance.  This 
is  essentially  an  interstitial  bronchopneimaonia  following  scarlatina,  with  very  few 
foci  of  lobular  pneumonia.  The  sections  show  few  streptococci  but  contain 
large  bacilli  resembling  B.  subHlis  and  many  Gram-negative  bacilli  which  appear 
to  be  B,  influenta. 

Case  167.—^.  J.  H.,  age  27  yrs.  Began  with  scarlet  fever  on  Mar.  18, 1918, 
and  after  recovery  from  that  developed  measles  on  Apr.  11.  On  Apr.  21  suffered 
from  severe  pain  in  chest.  Aspiration  of  the  right  pleura  gave  a  turbid  fluid 
which  contamed  Sireptocouus  JuBmolyiicus.  The  diagnosis  of  lobar  pneumonia 
with  consolidation  of  the  right  lower  lobe  was  made  on  Apr.  22,  and  confirmed 
by  x-ray.  Empyema  on  the  right  side  was  recognized  on  May  1,  and  the  patient 
died  on  May  4,  at  6.15  p.m.  Cultures  at  autopsy  were  contaminated,  but  the 
blood  showed  Staphylococcus  aureus,  the  left  lung  and  right  pleura  a  non-hemo- 
lytic  streptococcus.    Autopsy  May  5, 1918. 

Anatomical  Diagnosis:  Interstitial  bronchopneumonia  with  abscess  formation. 
Empyema  (right). 

There  are  two  needle  puncture  wounds  in  the  midaxillary  line  on  the  right 
side,  one  over  the  6th,  the  other  over  the  7th  interspace.  Left  pleural  cavity, — 
Contains  no  fluid.  Surfaces  smooth  and  glistening.  Right  pleural  cavity, — 
The  anterior  portions  of  the  pleural  cavity  are  free  from  adhesions  and  the 
surfaces  are  smooth.  Posteriorly  there  are  adhesions  which  can  be  easUy  broken 
through  and  there  is  then  found  behind  the  posterior  part  of  the  lower  lobe 
a  cavity  thickly  lined  with  fibrinous  exudate  and  containing  about  50  cc.  of 
turbid  brownish  fluid.  The  lower  part  of  the  lower  lobe  is  adherent.  Left  lung, — 
Air-containing  throughout  except  for  a  few  obsolete  tubercles.  Right  lung. — ^The 
anterior  portions  of  the  upper  and  lower  lobe  and  the  whole  of  the  middle  lobe  are 
air-containing.  The  posterior  part  of  the  upper  lobe  is  solid;  the  area  of  consoli- 
dation measuring  about  4  cm.  in  diameter  is,  on  section,  grey,  smooth,  and  elas- 
tic, with  thickened  pleura.  Over  the  flabby,  heavy  posterior  part  of  the  lower 
lobe  there  are  large  irregular  areas  where  the  pleura  is  smooth  and  glistening  but 
apparently  necrotic.  These  areas  are  easily  broken  through,  disclosing  ragged 
confluent  cavities  half  filled  with  soft  shreddy  necrotic  limg  substance.  On 
section  much  of  this  lobe  is  collapsed  without  definite  consolidation,  but  the 
cavities  are  formed  in  a  greyish  red,  smooth,  and  elastic  area  of  consolidation. 
They  are  crossed  by  bridges  containing  large  blood  vessels  and  are  sharply  out- 
lined by  a  yellowish  necrotic  layer.  A  bronchus  entering  one  of  these  cavities 
k)ses  its  wall  abruptly. 
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Microscopic  Examination, — The  consolidated  portion  of  the  right  lung  shows  a 
great  deal  of  thickening  and  infiltration  of  the  alveolar  walls,  of  the  bronchi, 
'  and  of  the  interlobular  septa.  In  places  the  interstitial  thickening  of  the  tissue 
especially  of  the  alveolar  walls  is  great  and  there  is  much  infiltration  of  poly- 
morphonuclear leucocytes  in  addition  to  the  mononuclear  wandering  cells.  Many 
of  the  alveoli  are  reduced  to  very  small  cavities  lined  with  high  cubical  epithelium 
or  filled  with  desquamated  epithelium.  There  is  widespread  organization  of  the 
exudate.  There  are  also  some  rather  small  patches  of  lobular  pneumonia  with 
the  alveoli  fiUed  with  leucocytes.  The  cavities  are  formed,  however,  independ- 
ently of  these  in  the  more  indurated  tissue  in  which  there  is  chiefly  desquamation 
of  epithelium.  Their  walls  are  made  up  of  a  layer  of  vascular  granulation  tissue 
lined  with  necrotic  material  and  fibrin.  In  other  places  there  is  no  such  granu- 
lation tissue  and  merely  the  sudden  cessation  of  the  dense  hmg  tissue  and  its 
replacement  by  coagulated  necrotic  material.  This  is  loaded  with  chains  of 
streptococci,  but  no  other  organisms  are  seen. 

Case  171. — C.  S.,  age  28  )rrs.  Had  no  predisposing  disease.  No  history  of 
recent  measles.  Began  suddenly  on  Apr.  21,  1918,  with  a  pain  in  his  chest. 
The  diagnosis  of  lobar  pneumonia  involving  the  right  lower  lobe  was  made  upon 
entrance  into  the  hospital  and  confirmed  by  x-ray.  The  diagnosis  of  em- 
pyema was  made  later  and  a  resection  for  drainage  was  performed  on  Apr.  24. 
The  pleural  fluid  gave  a  culture  of  Streptococcus  hamolyticus.  Died  May  5, 1918. 
Autopsy  May  6,  1918. 

Anatomical  Diagnosis:  Interstitial  bronchopneumonia  (right).  Empyema  {hUat- 
erat).    Acute  nephritis. 

Left  pleural  cavity. — Contains  about  350  cc.  of  reddish  brown  liquid  with 
floating  flakes  of  fibrin.  The  surfaces  posteriorly  are  deep  red  in  color  and 
covered  with  fresh  shaggy  fibrin.     Right  pleural  cavity. — ^In  the  right  back 

4  cm.  below  the  angle  of  the  scapula  and  in  the  line  of  the  10th  rib 
there  is  a  wound  6  cm.  long  which  extends  into  the  pleura.  The  right  lung 
is  displaced  far  upward,  the  lower  lobe  being  adherent  behind  between  the  2nd 
and  3rd  ribs.  The  apical  part  of  the  lung  is  densely  adherent.  The  pleural 
cavity  extends  about  the  back  of  the  lung  as  high  as  the  second  rib  and  is  widely 
open  below  the  limg.  Its  surfaces  are  covered  with  a  thick  yellow  fibrinous  exu- 
date. Left  lung. — ^The  posterior  portions  of  the  upper  lobe  and  most  of  the 
lower  lobe  are  collapsed  but  can  be  inflated  easily.  There  are  no  areas  of  con- 
solidation. The  smaller  bronchi  are  slightly  reddened  and  contain  sticky  mucus 
in  the  lower  lobe  but  they  are  not  thickened.  Right  lung. — ^The  lung  is  com- 
pletely airless  except  for  a  smaU  part  of  the  upper  lobe.  The  lower  part  of  the 
upper  lobe  feels  firm,  the  lower  lobe  flabby  and  soft.  On  section  it  is  foimd  that 
the  lower  part  of  the  upper  lobe  is  uniformly  consolidated  through  an  area  about 

5  cm.  in  diameter.  The  middle  lobe  can  be  completely  inflated.  The  lower  lobe 
presents  in  its  posteriol*  part  some  bronchi  with  purulent  contents  which  are  sur- 
rounded by  irregular  grey  patches  of  consolidation.    The  remainder  of  the  lung 
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is  smooth  and  satiny  on  section  but  quite  collapsed.  Kidneys. — ^Alike  and  meas- 
ure about  12  by  6  by  3.5  cm.  They  look  rather  swollen.  The  capsule  strips  off 
smoothly  leaving  a  greyish  surface.  On  section  the  cortex  measures  7  cm.  in 
thickness.  It  is  pale  and  the  lab3rrinthine  portions  of  the  striations  are  opaque 
and  yellow  but  straight.    The  glomeruli  are  visible  as  pale  dots. 

Cultures  at  autopsy  from  the  right  limg  and  both  pleural  cavities  showed 
Streptococcus  hrnnolyticus. 

Microscopic  Examination, — ^The  consolidated  portion  of  the  upper  lobe  of  the 
right  lung  is  found  to  be  covered  with  a  thick  exudate  of  fibrin  which  overlies 
a  vascular  granulation  tissue.  This  tissue  becomes  very  wide  and  edematous 
at  one  point  where  it  extends  over  the  limg  and  connects  with  a  broad  inter- 
bbular  septum.  Blood  vessels  are  numerous  in  this  tissue  and  the  lymphatics 
are  wide  but  not  thrombosed.  The  bronchi  are  very  wide,  their  lining  layer 
thrown  up  into  many  folds.  The  epithelium  is  preserved  and  as  a  rule  the  lu- 
men is  filled  with  leucocytes  among  which  are  streptococci.  The  walls  are  mod- 
erately thickened,  hyperemic,  and  infiltrated  with  mononuclears.  The  limg 
substance  is  in  large  part  collapsed.  The  alveolar  walls  are  not  greatly  infil- 
trated or  thickened  but  contain  desquamated  epithelial  cells  and  fluid.  There  is 
nowhere  any  exudate  of  leucocytes  and  nowhere  much  fibrin,  although  a  little  is 
to  be  seen  here  and  there.  There  are  many  alveoli  in  one  part  which  contain 
strands  of  a  hyaline  compact  fibrin.  In  other  sections  the  thickened  bronchi  are 
conspicuous  in  a  less  atelectatic  limg  tissue. 

The  kidney  shows  in  general  a  cloudy  swelling  of  the  epithelium.  The  glom- 
eruli are  often  rather  enlarged  and  show  capillaries  distended  with  leucocytes 
and  blood,  these  elements  being  also  found  in  the  tubules.  There  is  much  inter- 
stitial infiltration  of  the  tissue  with  mononuclear  cells  and  leucocytes  in  patches 
which  occur  in  both  cortex  and  the  outer  zone  of  the  P3rramid. 

In  this  case  the  lung  is  compressed  by  the  pleural  effusion,  but  itself  shows  rela- 
tively little  pneumonic  alteration.  Nevertheless  there  is  a  distinct  infection  of  the 
bronchi  and  a  characteristic  alteration  of  their  walls. 

Case  174. — G.  R.,  age  28  yrs.  No  history  of  measles  or  other  predisposing 
disease.  Began  gradually  on  Apr.  5, 1918,  with  a  pain  in  the  chest  and  cough. 
On  Apr.  8  diagnosis  of  lobar  pneumonia  involving  right  lower  lobe  was  made. 
Radiograph  on  Apr.  12  showed  involvement  also  of  the  right  upper  lobe  with 
possible  accumulation  of  fluid  in  the  pleural  cavity.  This  was  confirmed  by 
aspiration  on  the  same  day  and  the  patient  was  referred  to  the  surgeon  for 
operation.  The  8th  rib  was  resected  and  drainage  established.  Died  May  7, 
1918.    Autopsy  May  7, 1918,  5  hours  after  death. 

Anatomical  Diagnosis:  Interstitial  bronchopneumonia  {right).  Empyema  with 
operative  drainage  and  multiple  encapsulated  residual  collections  of  pus.  Fresh 
fibrinopurulent  pleurisy  (left). 

Left  pleural  cavity. — Contains  about  1,500  cc.  of  opalescent  yellow  fluid,  with 
shreds  of  fibrin.    The  surface  is  covered  with  a  very  thick  layer  of  loose  shaggy 
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fibrin  which  stretches  across  the  cavity  in  great  ropes.  The  lung  is  slightly 
adherent  at  the  apex  and  that  portion  is  fairly  voluminous.  The  rest  of  the 
lung  is  plastered  against  the  mesial  surface  of  the  cavity  and  is  entirely  col- 
lapsed. The  lower  lobe  is  adherent  to  the  diaphragm  and  to  the  posterior 
wall  of  the  pleura  by  fresh  fibrinous  adhesions.  Right  pleural  cavity, — The  upper 
lobe  of  the  lung  is  adherent  by  frail  adhesions  obliterating  that  part  of  the 
pleural  cavity.  There  are  dense  adhesions  over  the  lower  posterior  border  of 
this  lobe  and  the  posterior  part  of  the  lower.  There  is  a  pocket  of  greenish 
yellow  p\is  between  the  pericardium  and  the  mesial  border  of  the  middle  lobe. 
Over  the  2nd  and  3rd  ribs  there  is  a  distinct  pocket  of  pus  which  on  removal  of 
the  lung  is  left  between  two  layers  of  the  parietal  pleura.  Small  pockets  exist 
between  the  base  of  the  lung  and  the  diaphragm.  Left  lung, — The  limg  is  prac- 
tically completely  collapsed  except  at  the  apices  of  the  lobes  and  is  covered  with  a 
thick  fibrinous  exudate.  Inflation  with  air  does  not  completely  distend  the  whole 
hmg,  leaving  patches  of  collapse  in  the  lower  and  posterior  parts  of  both  lobes. 
There  are  some  indefinite  projecting  gre3dsh  nodules  in  the  posterior  part  of  the 
lower  lobe,  but  otherwise  there  is  no  consolidation.  Right  lung, — ^The  lung  is 
heavy.  The  anterior  portions  of  all  lobes  appear  to  be  air-containing.  The 
bronchial  glands  are  large,  dark  greyish  red,  and  pigmented.  The  surface  of  the 
lung  is  torn  by  separation  of  old  adhesions  and  cannot  be  inflated.  On  section 
the  upper  lobe  is  normal  in  texture  and  air-containing.  The  lower  lobe  is  also 
air-containing  except  in  the  lower  part  which  is  pasty  and  airless  and  presents 
some  pale  yeUowish  grey  projecting  nodules.  The  bronchi  are  not  conspicuously 
thickened  in  the  rest  of  the  lung. 

Cultures  at  autopsy  showed  Streptococcus  hamolyticus  in  the  heart's  blood  and 
right  and  left  pleura.    Those  from  the  lungs  were  sterile. 

Microscopic  Examination, — The  left  lung  is  fairly  weU  distended.  The  pleura 
is  thickened  and  freshly  vascularized  and  has  lost  its  covering  layer  of  cells. 
The  fibrin  has  been  rubbed  off  in  the  section.  The  tissue  itself  shows  no  con- 
spicuotis  interlobular  septa,  but  all  the  bronchioles  contain  purulent  exudate  and 
show  infiltration  of  their  walls  which  is  sometimes  quite  marked.  The  alveoli 
contain  some  fluid  and  some  desquamated  cells,  but  except  in  the  neighborhood 
of  the  bronchioles  they  are  little  altered. 

The  right  lung  is  covered  with  a  thick  layer  of  granulation  tissue  with  fibrin. 
The  interlobular  septa  are  much  more  prominent  than  those  of  the  left.  The 
bronchi  in  a  section  from  the  lower  border  of  the  lower  lobe  are  all  much  infiltrated 
with  mononuclears  and  filled  with  purulent  exudate.  The  alveolar  walls  are 
greatly  thickened  everywhere  and  infiltrated  with  mononuclear  cells,  but  they  arc 
all  collapsed  and  contain  no  exudate  except  a  few  desquamated  epithelial  cells. 
The  lymphatics  are  in  places  filled  with  leucocytes,  but  are  not  prominent.  This 
appears  to  explain  the  gross  appearance  of  such  a  limg  which  is  soft  and  flabby 
and  rather  satiny  upon  the  cut  surface.  It  is  easy  to  recognize  the  fact  that  it  is 
collapsed  and  not  filled  with  a  fibrinous  exudate,  but  the  thickening  of  the  alveolar 
walls  is  likely  to  escape  the  unaided  eye. 
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Case  178.— C,  A.,  age  28  yrs.  Began  Apr.  22,  1918,  with  typical  measles, 
coryza,  conjunctivitis,  and  red  macular  rash  over  body  and  face.  On  May  5, 
began  to  have  cough  with  sputum,  and  some  dyspnea  with  cyanosis.  There 
was  no  definite  dulness  over  the  lungs,  but  rftles  could  be  heard  everywhere. 
Voice  became  husky  and  at  times  was  only  a  harsh  whisper.  By  a  great 
effort  he  could  produce  a  tone.  Sputiun  yellow,  mucopurulent;  loaded  with 
Gram-positive  cocci  which  grew  with  slight  hemol3rsis,  thought  to  be  staphylo- 
coccus. Influenza  bacillus  also  present.  Blood  cultures  on  May  7  and  9  nega- 
tive. Died  May  9,  1918,  4  days  after  the  onset  of  the  cough.  Autopsy  13 
hours  after  death.  May  10, 1918,  9  a.m. 

Anatomical  Diagnosis:  Clinical  history  of  measles.  Interstitial  hronchopneU' 
monia  (bilateral) .    Lobular  pneumonia.    Ulcerative  laryngitis. 

Left  pleural  cavity. — Contains  no  excess  of  fluid;  surfaces  are  smooth  and  glisten- 
ing. Right  pleural  cavity. — Contains  no  excess  of  fluid.  Surfaces  are  bright  and 
glistening  throughout.  There  are  no  adhesions.  The  limgs  are  voluminous  and 
do  not  collapse.  Left  lung. — ^Readily  inflated  in  all  parts.  On  section  it  is  air- 
containing  everywhere  except  for  a  few  small  areas  in  the  upper  lobe  which  stand 
up  above  the  surrounding  limg  tissue  as  greyish  red  elevated  patches.  In  these 
the  alveoli  appear  to  be  filled  with  exudate.  Throughout  the  remainder  there 
are  smaU  grey  nodules  which  project  slightly  and  are  surroimded  by  hemorrhage. 
These  prove  to  be  bronchi  with  purulent  contents,  thickened  grey  wall,  and  hemor- 
rhagic halo.  They  become  more  numerous  in  the  lower  lobe  and  are  especially 
striking  in  the  posterior  part  of  the  lung.  Right  lung  (Pig.  21). — ^There  are  firm 
nodules  to  be  felt  all  through  the  lung.  Some  appear  on  section  as  greyish  red 
elevated  patches  with  surface  roughened  by  alveolar  plugs.  In  the  upper  lobe 
there  are  a  few  greyish  nodules  with  central  depression  surrounded  by  a  broad 
hemorrhagic  zone.  These  nodules  which  are  much  more  numerous  in  the  lower 
lobe  are  traceable  to  the  termination  of  the  bronchi  which  upon  being  opened  are 
foimd  to  be  filled  with  a  purulent  fluid.  In  the  anterior  portion  of  the  upper  lobe 
and  through  the  middle  lobe  these  nodules  are  visible  but  appear  to  be  in  an  even 
fresher  state  and  are  represented  by  small  bronchioles  with  slightly  thickened 
walls  and  no  hemorrhages.  Organs  of  the  neck. — ^The  whole  pharynx,  including 
the  base  of  the  tongue,  the  tonsils,  the  posterior  wall,  and  the  p3nifonn  sinuses,  is 
intensely  reddened.  The  epiglottis  is  also  bright  red,  but  on  its  posterior  sur- 
face this  color  is  mottled  with  small  yellowish  opaque  areas  with  faurly  smooth 
surface.  There  are  deep  ulcerations  of  the  vocal  cords  on  each  side  (Fig.  22), 
extending  into  the  sinuses  and  on  to  the  false  vocal  cords. 

Cultures  at  autopsy  gave  Streptococcus  hamolyticus  from  the  heart's  blood  and 
right  hmg.  Streptococci  were  abimdant  in  the  film  from  the  ulcer  of  the  vocal 
cords.    Cultures  from  the  spleen  were  sterile. 

Microscopic  Examination. — ^The  limgs  arc  about  alike.  The  pleura  is  only 
slightly  altered  in  that  it  is  hyperemic  and  sparsely  infiltrated  with  mononuclear 
cells.    There  is  nothing  left  of  the  covering  layer  of  cells,  but  no  fibrin  can  be  seen 
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on  the  surface.  The  interlobular  septa  are  very  wide  and  large  lymphatics  can 
be  traced  from  the  pleura  into  them.  One  or  two  of  these  show  plainly  by  the 
direction  of  their  valves  away  from  the  pleura  at  a  point  about  2  mm.  from  the 
pleural  surface  (Fig.  23)  that  the  direction  of  the  l3anph  stream  is  from  the  pleura 
towards  the  hihun.  They  contain  only  fluid,  but  streptococci  are  to  be  foimd 
in  them  in  short  chains  and  pairs.  In  places  streptococci  in  numbers  can  be 
traced  into  the  substance  of  the  pleura.  The  interlobular  septa  as  they  pass 
deeper  into  the  lung  are  edematous  and  contain  a  dense  network  of  flbrin  in 
which  are  entangled  many  mononuclear  cells.  Two  types  of  lesions  are  foimd 
in  the  lung,  one  representing  the  acute  lobular  pneiunonia,  the  other  an  early 
stage  of  interstitial  bronchopneumonia.  There  are  only  a  few  patches  of  the 
former,  while  the  latter  is  almost  imiversal  throughout  the  limg.  Where  the 
lobular  pneumonia  occurs  the  changes  in  the  bronchioles  tend  to  be  the  same  as 
elsewhere,  but  are  rather  masked  by  the  diffuse  pneumonia. 

These  patches  are  fairly  sharply  outlined  by  small  interlobular  septa.  They 
show  a  uniform  filling  of  the  alveoli  with  an  exudate  composed  of  blood,  fibrin,  and 
nucleated  cells.  Most  of  these  cells  are  polymorphonuclear  leucocytes,  but 
some  are  desquamated  epithelial  cells,  while  many  are  similar  to  lymphocytes 
or  are  rather  larger.  The  alveolar  walls  are  not  thickened  as  a  rule,  but  in  the 
neighborhood  of  the  interlobular  septa  they,  like  these  septa,  are  infiltrated 
with  similar  mononuclears.  Streptococci  are  present  in  great  numbers  and  ap- 
pear in  chains  entangled  in  the  fibrin,  loose  among  the  cells,  or  sometimes  enclosed 
in  cells.  They  are  especially  numerous  in  the  alveoli  which  border  on  the  septa. 
Where  they  lie  amid  red  corpuscles,  these  have  lost  their  hemoglobin  and  con- 
trast sharply  with  those  in  the  adjacent  blood  vessels. 

In  other  parts  of  the  lungs  the  lesions  (Fig.  24)  are  concentrated  about  the 
small  bronchi  leaving  considerable  intervening  patches  of  air-containing  tissue 
with  thin  walled  alveoli;  the  bronchioles  are  packed  with  a  mass  of  cells  and 
streptococci.  The  bacteria  are  ranged  along  the  walls  in  clumps  and  strands. 
The  cells  in  this  exudate  are  much  fragmented  and  distorted  and  it  is  difficult  to 
determine  their  nature,  but  it  is  certain  that  while  many  of  them  are  polymorpho- 
nuclear leucocytes  nearly  as  many  are  mononuclear  wandering  cells.  They  are 
held  in  a  network  of  fibrin.  The  epithelium  of  the  bronchi  is  lost  and  they  are 
lined  by  a  thin  layer  of  coagulated  necrotic  material  The  wall  is  edematous  and 
spread  out  and  densely  infiltrated  with  mononuclear  cells.  The  blood  vessels 
are  distended,  but  the  process  is  fresh  and  the  wall  does  not  look  like  granulation 
tissue  with  radially  arranged  blood  vessels,  as  is  the  case  in  some  instances  in 
which  the  disease  has  been  of  long  duration.  The  lymphatics  in  the  outer  part 
of  the  bronchial  wall  are  wide  and  closely  packed  with  leucocytes,  mononuclear 
cells,  and  bacteria.  The  adjacent  and  continuous  alveoli  have  walls  which  are 
slightly  thickened  by  mononuclear  infiltration.  They  are  filled  with  dense  fibrin 
containing  distorted  cells,  some  of  which  are  polymorphonuclear,  while  many 
can  be  recognized  as  mononuclear  celb.    Red  blood  cells  are  frequent  in  these, 
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and  in  the  more  distant  alveoli  are  present  in  great  quantities.  Practically  no 
bacteria  are  found  in  the  exudate  in  these  alveoli.  The  blood  vessels  are  not 
e^>ecially  changed.  The  bronchial  glands  are  large,  the  l3rmph  cords  very  wide 
and  evidently  containing  many  new  cells.  But  the  sinuses  are  especially  widened 
and  packed  with  mononuclear  cells  and  leucocytes.  They  contain  great  quanti- 
ties of  streptococci  often  scattered  diffusely  but  quite  often  in  dense  diunps. 
Streptococci  are  strewn  along  the  surface  of  the  mucosa  of  the  trachea  and  are 
tmdoubtedly  present  in  enormous  numbers  in  the  ulcerations  of  the  vocal  cords 
and  other  parts  of  the  larynx.  This  specimen  has  not  been  cut  for  microscopic 
study. 

Case  184.—}.  B.,  age  22  yrs.  Negro.  On  Apr.  29,  1918,  had  measles.  On 
May  2  he  was  found  to  present  the  physical  signs  of  lobar  pneumonia  with  con- 
solidation of  the  left  lower  lobe,  dulness,  bronchial  breathing  with  a  few  large 
rftles.  Sputum  bloody.  Sputimi  on  May  8  was  mucopurulent  and  nummular, 
containing  Gram-positive  cocci.  Cultures  showed  Streptococcus  ksmolyticus  and 
Staphylococcus  aureus.  Blood  culture  was  negative  on  May  7.  Temperature 
high  at  the  beginning,  104-105**,  later  reduced  to  101'.  Leucocytes  9,000.  Died 
May  10, 1918,  at  9.45  p.m.  Autopsy  38  hours  after  death.  The  body  had  been 
embalmed  so  that  cultures  failed  to  grow. 

Anatomical  Diagnosis:  Interstitial  bronchopneumonia  {bilateral  with  dissemi- 
nated lobular  pneumonia.    Ulcerative  laryngitis. 

Left  pleural  cavity. — Contains  about  10  cc.  of  fluid.  The  surfaces  are  dear  and 
smooth.  Right  pleural  cavity. — Contains  no  fluid.  The  surfaces  are  smooth.  Left 
hmg, — ^The  lung  is  blue  and  heavy  in  the  posterior  portion,  but  both  lobes  are  air- 
containing  anteriorly.  Upon  artificial  insufflation  both  lobes  are  pretty  well  dis- 
tended but  firm  nodules  can  be  felt  which  on  section  project  above  the  cut  surface 
(Fig.  25).  They  are  grey,  rough,  and  granular,  and  when  cut  in  certain  directions 
show  a  central  limien.  In  the  lower  part  of  the  lung  they  are  almost  confluent 
and  are  embedded  in  deeply  hemorrhagic  collapsed  patches.  The  bronchi  are 
deeply  reddened  and  dilated  in  their  peripheral  parts  where  they  are  fiUed  with  a 
bloody  purulent  exudate.  The  nodular  consolidations  which  lie  about  their  ter- 
minal portions  are  much  more  numerous  and  more  nearly  confluent  in  the  posterior 
part  of  the  lung.  The  bronchial  glands  are  enlarged,  greyish  red,  and  firm. 
Right  lung. — ^The  lung  is  smooth  superficially,  but  there  are  a  few  hemorrhages  in 
the  pleura  between  the  lobes.  The  lower  k>be  is  heavy  and  nodules  can  be  fdt 
throughout  it.  The  middle  lobe  is  collapsed  posteriorly  but  inflated  anteriorly. 
The  upper  lobe  is  more  air-containing  but  also  feels  nodular.  In  the  upper  lobe 
on  section  it  is  found  that  the  bronchi  are  thickened,  reddened,  and  dilated  at 
their  ends.  They  are  accompanied  or  surrounded  by  devated  consolidated  areas 
which  are  ragged  in  outline  and  rough  and  spongy.  The  bronchial  walls  are 
opaque  and  lined  with  a  dull  grey  material.  The  finer  bronchioles  still  appear 
as  lumina  in  the  centers  of  consolidated  areas  which  are  surroimded  by  hemor- 
rhagic zones.    Such  lesions  are  fotmd  in  the  posterior  part  of  the  middle  lobe  and 
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more  abundantly  in  the  lower  lobe  where  they  tend  to  become  confluent.  Pharynx 
and  larynx  (Pig,  26). — ^The  tonsils  are  not  especially  enlarged.  The  pharyngeal 
wall  is  reddened  and  the  left  side  of  the  epiglottis  and  left  arjrtenoepiglottic  fold 
and  adjacent  tissues  are  edematous.  There  is  deflnite  ulceration  of  the  vocal 
cords  and  there  are  other  ulcerations  below  them  which  extend  on  the  walls  of  the 
larynx.  There  are  quite  deep  ulcerations  at  the  base  of  the  epiglottis.  The 
tracheal  mucosa  is  much  reddened. 

Microscopic  Examination. — ^The  lung  shows  a  combination  of  the  lesions  of  in- 
terstitial bronchopneumonia  and  lobular  pneumonia.  The  pleura  is  not  thickened 
and  shows  no  evidence  of  fibrin  on  its  surfaces.  The  interlobular  septa  are  quite 
inconspicuous  and  none  of  them  shows  any  special  edema  or  infiltration,  or 
even  the  distension  of  the  lymphatics. 

The  bronchi  on  the  contrary  arc  wide  and  very  conspicuous  (Fig.  27).  Each 
branch  is  surroimded  by  a  denser  lung  tissue,  but  there  are  some  other  patches 
of  consolidation  which  extend  away  from  the  bronchi.  There  is  a  ragged  mass 
of  debris  in  the  lumen  of  each.  This  contains  many  red  corpuscles,  polymorpho- 
nuclear leucocytes,  as  well  as  fragments  of  necrotic  cells.  Streptococci  in  tangled 
masses  are  ranged  along  the  walls  of  the  bronchi,  but  there  are  no  influenza 
bacilli.  The  epitheliimi  b  entirely  destroyed  and  in  its  place  there  is  a  rather 
thick  layer  of  coagulated  necrotic  tissue.  Outside  this  in  the  larger  bronchial 
branches  there  are  remains  of  mucus  glands,  etc.  In  general  the  wall  has  assumed 
the  character  of  a  loose  edematous  granulation  tissue  with  abundant  wide  blood 
vessels  arranged  more  or  less  radially  and  a  profuse  infiltration  with  mononuclear 
wandering  cells  of  various  sizes.  If  this  granulation  tissue  is  in  any  way  derived 
from  the  swelling  and  spreading  apart  of  the  lymphoid  tissue  in  the  wall  of  the 
bronchus,  which  has  occxured  to  me  as  a  possibility,  it  must  at  least  have  under- 
gone an  extraordinary  change.  Lymphoid  tissue  can  be  seen  at  certain  points, 
but  it  does  not  form  in  this  case  as  in  some  others  a  complete  mantle  about  the 
bronchi,  and  most  of  the  bronchial  wall  seems  actually  to  be  composed  of  granu- 
lation tissue.  The  lymphatics  in  the  outer  layer  of  the  wall  are  wide  and  gen- 
erally filled  with  a  clot  which  entangles  red  corpuscles,  mononuclear  cells,  and 
chains  of  streptococci.  The  adjacent  lung  tissue  is  consolidated  by  the  filling 
of  the  alveoli  with  dense  fibrin  in  which  there  are  to  be  found  a  few  desquamated 
Epithelial  ceUs  and  mononuclear  wandering  cells.  It  is  striking  that  the  epithelial 
cells  when  not  desquamated  are  much  more  nearly  cubical  than  normal,  and 
among  these  plump  cells  one  may  find  mitotic  figures  (Fig.  28).  The  alveolar 
walls  are  thickened  also  and  are  infiltrated  with  mononuclear  cells.  This  is  not 
extreme,  however,  and  a  much  more  remarkable  infiltration  of  this  sort  is  foimd 
in  the  walls  of  small  vessels  in  such  a  neighborhood. 

The  other  areas  of  consolidation  mentioned  above  as  not  so  intimately  related 
to  the  bronchial  thickening  are  patches  in  which  the  interstitial  changes  are 
slightly  devek)ped  but  in  which  all  the  alveoli  are  fiUed  with  dense  masses  of 
polymorphonuclear  leucocytes  in  a  delicate  network  of  fibrin  or  alone  (Fig.  29). 
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Among  these  there  are  enormous  numbers  of  streptococci,  althoiigh  there  are 
none  in  the  denser  plugs  found  in  the  alveoli  about  the  bronchi.  These  areas 
fade  at  the  margin  into  patches  of  edema.  There  are  quite  extensive  areas  in 
which  the  thin  walled  alveoli  are  distended  with  fluid  without  any  cells  and  in 
these  alveoli  too,  chains  of  streptococci  are  found. 

Case  191, — S.  F.,  age  22  3rrs.  Negit).  No  history  of  previous  illness.  No 
record  of  measles.  Began  suddenly  on  Apr.  13,  1918,  with  pain  in  chest  and  chill. 
Diagnosis  of  lobar  pneumonia  involving  left  lower  lobe  was  made,  and  later,  on 
May  5,  there  was  foimd  also  a  lobar  consolidation  of  the  right  lower  lobe.  The 
existence  of  empyema  on  the  right  side  was  recognized  by  aspiration  on  May  13. 
A  yellow  serum  with  greenish  white  sediment  loaded  with  streptococci  in  short 
chains  was  removed.  These  proved  to  be  Streptococcus  hcemolyticus.  Blood  cul- 
tures on  May  11  were  negative.  Died  May  14  at  5.30  p.m.  Autopsy  May  15, 
1918. 

Anatomical  Diagnosis:  Interstitial  bronchopneumonia  (left  lower  and  right  upper 
and  lower  lobes).    Disseminated  lobular  pneumonia.    Empyema  (right). 

Left  pleural  cavity, — Contains  no  excess  of  fluid.  There  are  a  few  fresh  adhe- 
sions over  the  lower  edge  of  the  upper  lobe.  The  surface  of  the  pleura  is  dull. 
Right  pleural  cavity, — G)ntams  about  700  cc.  of  thick  greenish  yellow  pus  which  is 
distributed  in  the  space  between  the  lung  and  the  pericardial  sac,  in  the  meshes  of 
adhesions  between  the  lung  and  diaphragm,  and  about  the  apex  of  the  lung. 
There  are  easily  torn  adhesions  over  the  back  of  the  limg  which  seem  to  separate 
into  spaces  which  are  filled  with  purulent  fluid-  Pericardium, — Contains  no  ex- 
cess of  fluid  and  the  lim'ng  surfaces  are  smooth,  but  there  are  bright  petechial 
hemorrhages  over  the  posterior  surface  of  the  heart  with  shreds  of  fibrinous  ma- 
terial overlying  them.  Left  lung  (Fig,  30), — ^The  posterior  siurface  is  roughened 
by  fibrin  especially  over  the  lower  lobe  and  between  the  lobes.  The  upper  and 
anterior  part  of  the  upper  lobe  is  air-containing,  but  the  posterior  and  lower  part 
is  firmer.  On  section,  although  this  lobe  is  easily  inflated,  there  are  found  in  the 
lower  portion  numerous  firm  projecting  nodules  surrounded  by  hemorrhagic  zones. 
The  lower  lobe  contains  only  a  Httle  air-holding  lung  tissue  and  is  hot  inflated  by 
attempts  to  blow  air  into  it.  On  section  it  is  found  to  be  thickly  studded  almost 
everywhere,  but  especially  in  the  lower  pai:t,  with  nodules  which  are  surroimded 
by  hemorrhage  and  show  a  central  depression  which  corresponds  with  the  lumen  of 
the  bronchiole.  The  bronchial  glands  are  enlarged  and  grejdsh  red.  Right  lung, — 
The  surface  and  the  interlobar  spaces  are  occupied  by  fibrin  as  described.  The 
whole  limg  is  collapsed  and  flabby  except  for  a  small  portion  of  the  anterior  half 
of  the  upper  lobe.  Even  after  inflation  the  lower  portion  of  this  lobe  is  collapsed 
and  shows  mmierous  bronchi  with  thickened  walls  which  appear  as  definite 
nodules.  In  the  lower  lobe  collapse  is  extensive  and  there  are  many  greyish 
nodules  which  surroimd  the  lumina  of  bronchi.  There  is  also  some  patchy  con- 
solidation of  a  deep  greyish  red  color  rather  different  in  appearance  from  the 
nodules.    Pharynx  and  larynx, — ^There  is  slight  reddening  throughout,  but  no 
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ulceration  of  tbe  vocal  cords  although  there  is  a  discoloration  as  though  from  a 
healed  ulceration  just  below  the  cords. 

Cultures  at  autopsy  gave  Streptococcus  futmolyPicus  in  pure  culture  in  the 
heart's  blood,  right  and  left  lung,  right  pleura,  and  pericardium. 

Microscopic  ExaminaUon. — ^The  right  lung  shows  a  thick  pleura  composed  of 
highly  vascularized  granulation  tissue  covered  with  fibrin.  There  are  strepto- 
cocci 6n  the  surface  of  the  fibrin.  The  interlobular  septa  are  not  much  widened 
but  the  lymphatics  are  slightly  distended  with  clots  which  contain  leucocytes  and 
fibrin. 

The  bronchi  are  full  of  half  necrotic  leucocytes  with  abundant  strq)tococd  and 
influenza  badllL  The  epithelium  is  largely  desquamated  and  the  walk  are  con- 
verted into  a  vascular  granulation  tissue  which  is  much  infiltrated  with  mono- 
nuclear cells,  evidently  derived  in  part  from  a  thickening  of  the  lymphoid  tissue 
of  the  wall. 

The  alveolar  walls  are  not  thickened  or  infiltrated.  The  alveoli  are  mostly 
collapsed,  their  walls  very  hyperemic  Those  near  the  bronchi  are  free  of  blood 
and  their  walls  are  sometimes  infiltrated  with  red  corpuscles.  Many  of  the 
nearby  alveoli  are  partly  filled  with  desquamated  epithelial  cells,  but  there  is  also 
a  great  deal  of  fluid.  Some  contain  dense  plugs  of  fibrin  which  have  imdeigone 
little  or  no  organization.    Hemorrhage  is  widespread  about  these  bronchioles. 

In  many  places  the  bronchi  are  surroimded  by  patches  of  lung  tissue  in  which 
the  alveoli  are  filled  with  leucocytes  whose  polymorphous  nucleus  is  plain.  These 
are  often  studded  with  streptococci.  Indeed  in  some  places  the  alveolar  walls 
have  become  necrotic.  Some  of  these  areas  of  lobular  pneumonia  are  extensive 
and  no  doubt  necrosis  of  the  tissue  occurs  commonly  in  the  larger  ones. 

Case  193, — ^A.  M.  M.,  age  23  yrs.  B^;an  suddenly  without  previous  illness  or 
history  of  measles  on  May  3, 1918,  with  chill  and  fever.  On  May  5  the  diagnosis 
of  lobar  pneimionia  was  made  with  involvement  of  the  left  upper  lobe.  Sputum 
on  May  8  was  tenacious  and  mucoid  without  blood,  and  contained  Gram-positive 
diplococci  which  proved  to  be  Pneumococcus  Type  m.  Staphylococcus  aureus 
was  also  present.  Blood  culture  on  May  8  showed  a  few  non-hemolytic  strep- 
tococci. Another  on  May  9  was  negative.  Died  May  16,  1918,  at  8.15  a.m. 
Autopsy  May  17, 1918,  21  hours  after  death. 

Anatomical  Diagnosis:  Old  interstitial  bronchopneumonia  with  abscess  formation 
(left  upper  lobe).  Fibrinous  pleuritis.  Hyaline  degeneration  of  redus  abdominis 
muscle. 

Left  pleural  cavity. — Contains  no  fluid.  The  surfaces  are  smooth  except  that 
the  posterior  part  of  the  upper  lobe  is  adherent  to  the  costal  pleura  by  easily 
broken  adhesions,  and  the  base  of  the  lung  to  the  diaphragm  by  old  adhe- 
sions. Right  pleural  cavity. — ^The  cavity  is  almost  entirely  obliterated  by  old 
adhesions  which  are  especially  dense  between  limg  and  pericardial  sac,  and 
between  the  base  of  the  lung  and  the  diaphragm.  Left  lung. — ^Thelung  is  volumi- 
nous and  in  the  upper  lobe  there  can  be  felt  a  solid  mass  occup3ang  the  upper 
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posterior  part.  The  pleura  has  lost  its  gloss  over  the  solid  part  but  is  smooth 
over  the  anterior  part  which  is  air-containing.  On  section  the  consolidation  is 
fairly  uniform,  pale  greyish  red,  and  presents  a  rather  rough  surface  which  is 
distinctly  translucent.  The  lower  pa!rt  is  perhaps  slightly  redder  than  the 
upper.  About  the  middle  of  this  lobe  there  is  a  large  abscess  cavity  reaching 
practicaUy  to  the  pleura  but  not  perforating  it.  This  cavity  measures  5  cm.  in 
diameter,  is  of  extremely  irregular  outline  with  lateral  excavations,  and  com- 
mimicates  widely  with  the  large  bronchus  which  opens  abruptly  into  it.  It  con- 
tains a  yellowish  purulent  exudate  and  there  is  a  shreddy  dark  greenish  grey 
necrotic  tissue  hanging  from  the  wall.  The  wall  is  made  up  of  a  thin  line  of 
opaque  yellowish  material.  In  the  anterior  part  of  the  upper  lobe  the  inter- 
lobular septa  are  quite  distinct.  In  places  there  are  small  grey  projecting  nodules 
related  to  the  bronchi.  The  lower  lobe  is  air-containing  throughout.  The 
bronchial  glands  are  large,  pale,  and  greyish,  and  studded  with  pigment.  The 
large  bronchi  contain  a  thick  frothy  mucopurulent  exudate.  Right  lung. — ^The 
lung  is  torn  in  removal  and  roughened  by  old  adhesions,  but  it  is  air-containing 
throughout  and  of  normal  texture.  The  bronchial  glands  are  not  enlarged. 
Pharynx  and  larynx. — ^Normal. 

Cultures  taken  at  autopsy  showed  Streptococcus  hanolyticus  in  the  heart's 
blood  and  left  lung. 

Microscopic  ExaminaUon, — ^The  tissues  of  the  upper  lobe  of  the  left  lung  show 
mo^t  advanced  changes.  The  pleura  is  thickened  and  dense  and  is  covered 
with  a  thin  layer  of  fibrin.  The  interbbular  septa  and  the  whole  connective 
tissue  framework  of  the  lung  are  enormously  thickened  and  condensed.  There 
has  evidently  been  a  great  new  formation  of  connective  tissue,  for  this  widening 
is  not  due  to  edema  but  to  the  formation  of  closely  knit  fibrous  tissue.  The  lym- 
phatics are  wide  and  in  places  contain  some  free  cells,  but  most  of  them  are 
partly  or  completely  obstructed  by  masses  of  vascularized  connective  tissue  which 
have  evidently  resulted  from  the  organization  of  thrombi  formed  in  the  lym- 
phatics at  an  earlier  stage.  The  bronchi  are  filled  with  purulent  exudate  which 
contains  large  numbers  of  streptococci.  The  epithelium  is  in  general  preserved, 
but  the  walls  are  greatly  thickened  both  by  new  formation  of  connective  tissue 
and  a  dense  infiltration  of  mononuclear  cells.  Lymphatics  in  their  walls  are  in 
places  obliterated  by  newly  formed  connective  tissue.  The  alveolar  walls  are 
thickened  ever3nvhere,  partly  by  infiltration  of  wandering  cells  but  partly  by 
newly  formed  connective  tissue.  They  are  in  most  places  filled  with  a  mass  of 
desquamated  epitheliimi,  some  mononuclear  cells  and  leucoc3rtes,  and  fluid.  Fibrin 
is  not  so  conspicuous  as  usual,  but  perhaps  chiefly  because  most  of  it  is  replaced 
by  strands  of  connective  tissue  which  fill  the  alveoli  in  places.  The  epithelium 
when  it  is  preserved  is  high  and  cubical.  Red  blood  corpuscles  are  abundant 
in  places  so  that  the  alveoli  are  full  of  blood.  The  most  striking  feature,  therefore, 
is  the  advanced  interstitial  infiltration  and  induration  together  with  the  organi- 
zation of  the  exudate  both  in  the  alveoli  and  lymphatics.    One  section  passes 
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through  the  abscess  which  is  filled  with  polymorphonuclear  leucocytes  with  bac- 
teria. The  lining  layer  of  the  cavity  is  densely  infiltrated  with  large  vacuolated 
cells.  Outside  this  layer  the  lung  tissue  for  some  distance  is  much  indurated 
and  every  alveolus  is  filled  with  a  solid  plug  of  connective  tissue.  Organization 
has  evidently  proceeded  rapidly  here.  Sections  through  other  parts  of  the  lung 
show  it  to  be  air-containing,  but  the  septa  and  perivascular  and  peribronchial 
tissues  are  greatly  thickened  and  some  alveoli  are  filled  with  desquamated  cells 
and  wandering  cells.  Lymphatics  in  the  septa  in  this  part  of  the  lung  (lower 
left  lobe)  contain  abundant  leucoc3rtes  and  fibrin. 

The  rectus  abdominis  muscle  which  appeared  normal  to  the  unaided  eye 
shows  most  extensive  hyaline  degeneration  and  disintegration  of  the  muscle 
fibers  which  are  broken  into  formless  dumps.  These  are  surrounded  by  nuclei 
many  of  which  are  imdoubtedly  the  nuclei  of  the  sarcolemma.  These  some- 
times appear  to  coalesce  into  giant  cells.  But  there  is  also  a  definite  reaction 
on  the  part  of  the  interstitial  tissue  and  blood  vessels  and  mmierous  mono- 
nuclear phagocytes  are  present. 

In  attempting  to  present  these  diseased  conditions  according  to 
their  etiological  agents,  if  we  group  the  cases  of  pneumonia  which 
are  caused  by  the  hemolytic  streptococcus  in  several  classes  so  as 
to  emphasize  one  or  the  other  of  the  predominant  lesions,  it  is  only, 
to  facilitate  the  description  of  that  lesion,  as  one  might  describe  sepa- 
rately tuberculous  pneimionia  and  miliary  tuberculosis  of  the  lung. 
The  combination  of  the  streptococcal  lesions  is  almost  as  common 
as  the  occurrence  of  several  types  of  tubercxilous  lesion  in  the 
same  Itmg.  In  the  group  of  cases  just  described  the  attempt  has 
been  made  to  select  those  which  show  in  its  purest  form  the  so  called 
interstitial  bronchopneiunonia,  but  even  so  some  trace  of  lobular 
pneumonia  can  be  fotmd  in  all  but  a  few.  Nevertheless,  in  whatever 
combination  they  occur,  even  when  associated  in  the  same  Itmg 
with  the  lobar  pneumonia  caused  by  the  pneimiococcus  the  character- 
istics of  the  interstitial  bronchopneimionia  stand  out  distinctly. 

The  typical  change  in  the  pleura  consists  in  the  effusion  of  a  large 
quantity  of  thin  turbid  fluid  into  the  pleural  cavity.  This  is  usually 
brownish  with  a  fine  granular  sediment  which  is  stirred  up  on  moving 
the  Itmg,  but  there  are  generally  also  floating  shreds  of  fibrin.  The 
surface  of  the  pleural  membranes  is  covered  with  fibrin  tmder  which 
hemorrhages  are  often  visible.  It  is  remarkable,  however,  that 
thickening  of  the  pleura  by  the  formation  of  new  granulation  tissue 
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takes  place  very  rapidly.  This  is  a  common  condition,  but  there  are 
cases,  especially  those  in  which  adhesions  had  existed,  in  which  there 
is  no  exudation,  and  others  of  recent  origin  in  which  although  the 
lungs  are  diffusely  affected  the  pleural  surfaces  are  perfectly  smooth 
and  the  cavity  is  practically  dry.  There  are  various  later  modifi- 
cations of  the  character  and  distribution  of  the  effusion  leading  to 
its  encapsulation  and  to  a  more  definitely  purulent  character  which 
forms  the  rule  in  cases  which  survive  long  enough.  In  view  of  the 
interest  devoted  by  surgeons  to  the  question  of  empyema,  an  analysis 
of  the  condition  in  all  the  cases  in  this  series  will  be  given  later  in 
this  paper. 

The  gross  appearance  of  the  lungs  in  the  cases  of  interstitial  broncho- 
pneumonia varies  with  the  age  of  the  lesion.  The  powers  of  resistance 
of  the  individual  doubtless  have  much  to  do  with  this  also,  and  it 
seems  that  in  those  with  little  resistance  the  type  of  lesion  is  different 
and  tends  to  the  lobular  form.  At  first  it  seemed  merely  a  surmise 
that  the  lesions  confined  to  the  bronchioles  and  their  inunediate  en- 
vironment were  early  changes,  since  some  cases,  such  as  No.  14, 
showed  these  very  slight  alterations  in  one  lung  in  a  patient  in  whom 
the  other  lung  was  in  an  advanced  stage.  Nevertheless,  the  occur- 
rence of  death  after  7,  4,  8,  and  7  da)rs  of  pulmonary  involvement  in 
Cases  32, 178, 184,  and  194  has  shown  that  what  appeared  to  be  fresh 
lesions  really  do  occur  in  the  cases  of  briefest  course.  The  early 
lesions  in  the  opposite  limg  in  older  cases  must  simply  represent 
fresh  lesions  in  a  case  in  which  elsewhere  similar  changes  have  long 
been  developed. 

The  lung  may  be  collapsed,  since  that  is  largely  an  effect  of  the  pres- 
sure of  a  large  pleural  effusion,  or,  as  in  Case  32,  both  limgs  may  be 
distended  with  air.*  In  such  a  case  as  No.  32  the  lesions  appear  as 
minute  projecting  nodules  often  grouped  in  twos  and  threes,  several 
being  foimd  within  the  area  of  a  lobule.  In  Cases  14  and  194  these 
small  lesions  show  the  branching  of  the  terminal  bronchioles  and  are 

*When  the  lung  is  inflated  artificially  with  air  it  is  easy  to  see  the  lesions 
which  are  submerged  in  the  general  blue-grey  of  the  collapsed  area.  For  that 
reason  we  have  frequently  blown  up  these  lungs  with  a  bulb  tied  into  the  bron- 
chus spreading  open  the  collapsed  alveoli  and  aerating  the  blood  in  their  capil- 
laries so  that  it  becomes  bright  red.    Then  the  actual  lesions  become  very  distinct. 
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rendered  conspicuous  by  their  halo  of  hemorrhage.  In  Case  178  this 
became  very  brilliant  since  each  bronchus  could  be  traced  often  in 
complete  longitudinal  section  by  the  grey  thick  wall,  its  yellow 
contents,  and  its  envelope  of  hemorrhage. 

In  Case  37,  which  was  of  16  days  duration,  there  was  no  extensive 
peribronchial  consolidation,  but  the  bronchi  were  so  greatly  thickened 
as  to  project  in  firm  tubercle-like  nodules. 

In  Cases  29  and  34,  of  20  and  14  da)rs  duration,  the  lesions  expand 
from  the  bronchi  into  patches  of  firm  yellowish  consolidation  3  to  5 
mm.  in  diameter  which  project  as  nodules  on  the  cut  surface. 
The  intervening  limg  substance  in  such  cases,  aside  from  the  hemor- 
rhage spread  around  these  peribronchial  nodules,  is  grejdsh,  elastic, 
and  edematous,  while  the  interlobular  septa  are  thickened,  yellow  or 
white,  and  opaque,  and  stand  up  like  low  stone  walls  which  separate 
fields.  They  divide  the  cut  surface  into  startlingly  distinct  lobules 
and  in  each  of  these  there  are  several  nodules.  In  Case  41  there  are 
the  most  advanced  lesions,  although  the  course  of  the  disease  was  only 
17  days.  Not  only  are  the  bronchi  enormously  thickened,  but  the 
peribronchial  nodules  of  consolidation  are  larger  than  in  any  other  case 
and  stand  out  as  firm  dense  and  perfectly  homogeneous  yellow  elevated 
patches,  each  with  its  central  bronchiole  and  its  halo  of  hemorrhage. 
In  one  or  two  of  the  cases  of  long  duration,  Nos.  167  and  181,  which 
lasted  23  and  46  days,  and  in  one  of  the  fresher  cases.  No.  193,  which 
lasted  only  14  days,  we  foimd  abscesses  with  actual  cavity  formation, 
the  contents  of  the  necrotic  areas  being  discharged  through  the  bron- 
chi. This  is  a  frequent  occurrence  in  the  cases  of  lobular  pneumonia 
and  remains  to  be  described  in  other  cases,  but  it  is  not  so  frequent  in 
those  in  which  the  lesion  takes  the  form  of  the  interstitial  broncho- 
pneimionia.  The  essential  features,  therefore,  in  the  gross  appearance 
of  the  lungs  in  interstitial  bronchopneimionia  lie  in  the  filling  of  the 
bronchioles  with  opaque  exudate,  the  thickening  of  their  walls,  and 
the  consolidation  of  the  adjacent  lung  tissue  which  appears  in  cross- 
section  as  a  nodule,  in  longitudinal  section  as  a  branching  mantle 
of  dense  tissue  bordered  with  hemorrhage  accompanying  the  bron- 
chiole. Atelectasis  of  the  intervening  lung  substance,  great  thick- 
ening and  prominence  of  the  interlobular  septa  and  pleura,  and 
usually  pleurisy  with  abtmdant  effusion  make  up  the  whole  picture. 
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The  bronchial  glands  are  somewhat  enlarged  and  soft.  The  mucosa 
of  the  large  bronchi  is  deeply  reddened  and  covered  with  purulent 
exudate,  sometimes  with  a  necrotic  pseudomembrane.  Some  writers 
have  insisted  that  this  should  be  called  purulent  bronchitis  or  bron- 
chiolitis, but  the  involvement  of  the  whole  lung  takes  place  so 
promptly,  including  the  framework  and  the  pleura,  that  I  think  the 
term  bronchopneumonia  is  better  justified. 

The  microscopic  study  of  the  early  changes  shows  essentially  an  in- 
fection of  the  bronchi  with  streptococci.  The  greatest  stress  should 
be  laid  upon  the  staining  of  bacteria  in  the  tissues  because  it  is  only 
in  that  way  and  not  by  mere  report  of  the  presence  of  cultivable 
streptococci  that  we  may  determine  the  exact  topographical  relation 
of  these  organisms  or  others  to  the  lesion.'    It  is  found  that  in  every 

'  A  new  stain  which  is  a  combination  of  Goodpasture's  and  the  Weigert  fibrin 
stain  has  served  well  to  demonstrate  in  the  tissues  Gram-negative  organisms, 
such  as  the  influenza  bacillus,  in  red  and  Gram-positive  bacteria  in  bhie.  Dur- 
ing the  correction  of  the  proof  of  this  paper  the  cases  have  been  restudied  with  this 
stain.    It  is  as  follows: 

1.  Stain  for  10  minutes  to  }  hour  or  more  in  Goodpasture's  stain,  which  is: 

30  per  cent  alcohol 100.0 

Basic  fuchsin 0.59 

Aniline  oil 1.0 

Phenol  crystals 1.0 

2.  Wash  in  water. 

3.  Differentiate  in  40  per  cent  formaldehyde  solution  (pure  formalin).  This 
requires  only  a  few  seconds.  The  bright  red  color  washes  away  and  gives  place 
to  a  clear  rose  color. 

4.  Wash  in  water. 

5.  G)unterstain  in  saturated  aqueous  picric  add.  The  section  should  re- 
main until  it  assumes  a  purplish  yellow  color,  about  3  to  5  minutes  or  less. 

6.  Wash  in  water. 

7.  Differentiate  in  95  per  cent  alcohol.  The  red  color  reappears  and  some  of 
it  is  washed  out.    Some  of  the  yellow  of  the  picric  acid  is  also  washed  out. 

8.  Wash  in  water. 

9.  Stain  in  Stirling's  gentian  violet  5  minutes  or  more. 

10.  Wash  in  water. 

11.  Gram's  iodine  solution. 

12.  Blot  dry  without  washing. 

13.  Aniline  oil  and  xylol  (equal  parts)  until  no  more  color  comes  away. 
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instance  the  streptococci  are  present  in  numbers  among  the  leuco- 
cytes which  fill  the  bronchioles.  They  can  be  traced  along  the  mucosa 
of  the  larger  bronchi  up  into  the  trachea  where  possibly  other  bacteria 
may  also  be  found,  but  in  the  terminal  bronchioles  there  are  in 
many  instances  only  streptococci.  In  some  cases  there  are  relatively 
few,  while  in  others,  such  as  Nos.  184  and  178,  they  are  present  in 
tangled  masses  strewn  along  the  mucosa  but  in  smaller  numbers  in 
the  center  of  the  bronchial  limien.  Recent  papers  from  England 
and  France,  already  referred  to,  declare  for  tiie  preponderant  part 
played  by  the  influenza  bacillus.  A  glance  at  the  table  given  above 
will  show  that  it  has  been  found  quite  commonly  in  the  sputmn  in 
these  cases  too,  sometimes  in  the  lung  and  pleural  flxiid.  Its  relation 
to  these  lesions  must  be  left  in  some  doubt  since  it  is  present  in 
only  part  of  the  cases  while  the  streptococcus  is  invariably  present. 
The  British  writers  describe  a  purulent  bronchitis  or  broncho- 
pneumonia which  resembles  this  most  closely  and  regard  it  as  due 
to  the  influenza  bacillus,  although  they  frequently  foimd  an  associ- 
ated Streptococcus  pneumonuB  (pneimiococcus)  and  Streptococcus 
longus} 

The  epitheliimi  of  the  bronchus  is  usually  intact,  but  in  some  cases, 
Nos.  178  and  184,  it  is  quite  destroyed  and  even  the  underlying  tissue 
is  necrotic  for  a  considerable  depth.  This  appears  to  the  naked  eye 
as  an  opaque  greyish  yellow  pseudomembrane  lining  the  bronchus 
down  to  the  finest  ramification  and  extending  out  to  the  largest 
branches.  In  the  earliest  stages,  as  in  Case  32,  the  respiratory 
bronchioles  are  the  ones  affected,  while  the  larger  bronchi  show  little 

14.  Two  changes  of  xylol. 

15.  Balsam. 

Gram-negative  organisms  are  red,  Gram-positive  blue. 

Dr.  Goodpasture's  own  method  is  not  yet  published  but  he  kindly  allows  me 
to  use  his  formula  in  describing  this  method.  Goodpast\u*e's  stain  corresponds 
with  the  first  seven  maneuvers  given  above. 

^  During  the  epidemic  of  influenza  which  raged  through  September  and  Octo- 
ber, 1918,  we  have  encountered  cases  in  which  the  influenza  bacillus  occurred  in 
pure  culture  in  the  lungs  and  bronchi.  In  these  the  lesions  resembled  very 
closely  those  which  are  described  here  under  the  name  interstitial  broncho- 
pneimionia.    (Note  made  during  the  correction  of  the  proof.) 


Digitized  by 


Google 


WILLIAM  G.  MacCALLUM  49 

change.  Leucocytes  with  streptococci  extend  out  into  the  lateral 
vestibules  and  into  the  terminal  ones  and  even  into  the  ultimate  al- 
veoli. There  is  little  other  change,  but  although  the  more  distant 
alveoli  are  not  altered,  the  bronchial  wall  and  the  adjacent  alveolar 
walls  even  at  this  stage  are  infiltrated  with  wandering  cells.  There 
are  few  of  them  at  this  stage,  but  they  give  a  distinct  character  which 
comes  out  clearly  in  later  stages. 

In  all  the  later  stages  this  change  in  the  connective  tissue,  elastic 
tissue,  and  musculature  which  make  up  the  wall  of  the  bronchus  is 
striking.  The  normal  elements  are  spread  apart  by  great  numbers  of 
mononuclear  cells  which  intercalate  themselves  between  the  fibers 
and  often  form  a  mass  which  lifts  up  and  dislodges  the  epitheliimi. 
Most  of  these  cells  are  small  like  Ijrmphoid  cells,  but  many  are  larger, 
occasionally  asstuning  the  character  of  plasma  cells  or  the  various 
types  of  larger  mononuclear  wandering  cells.  Edema  accompanies 
them  and  aids  in  the  spreading  apart  of  the  connective  tissue.  The 
blood  vessels  are  distended  with  blood  and  evidently  new  ones  are 
formed  with  associated  fibroblasts,  for  in  many  cases  the  wall  assimies 
the  appearance  of  a  highly  vascular  granulation  tissue  in  which  the 
blood  vessels  come  to  be  radially  placed.  In  some  cases  the  bronchi 
become  dilated,  occasionally  to  a  marked  degree,  as  in  Case  181,  and 
to  a  less  extent  in  Cases  41  and  184.  In  the  most  advanced  conditions, 
as  in  Case  41,  the  walls  of  the  bronchioles  become  enormously  thick- 
ened and  fonn  a  compact  tube  of  infiltrated  tissue,  but  in  most  in- 
stances the  wall  is  rather  relaxed  and  loose  in  texture.  With  dila- 
tation the  epitheliimi  may  be  stretched  and  flattened  or  it  may  dis- 
appear by  being  desquamated,  leaving  the  surface  of  the  new  granula- 
tion tissue  exposed. 

The  normal  wall  of  the  smaller  bronchi  contains  only  a  relatively 
small  amoimt  of  lymphoid  tissue,  scattered  in  thin  strands  in  its  outer 
layers,  except  at  certain  places  such  as  the  points  of  division  where 
somewhat  more  compact  masses  often  occur.  About  the  same  may  be 
said  of  the  adventitia  of  the  blood  vessels  and  the  interlobular  septa. 
It  seems  possible,  however,  that  much  of  the  infiltration  which  has 
been  described,  and  a  part  of  the  thickening  of  the  bronchial  wall  may 
be  due  to  the  swelling  and  spread  of  the  lymphoid  tissue  all  along  the 
wall  of  the  bronchus,  and  its  appearance  of  being  a  new  growth  of 
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granulation  tissue  with  radially  arranged  and  abundant  blood  ves- 
sels may  well  be  explained  in  the  same  way,  since  with  a  greatly 
thickened  mantle  of  lymphoid  tissue  there  would  arise  a  more  con- 
spicuous vascxilar  supply  for  that  tissue. 

The  lymphatics  which  run  in  the  bronchial  wall  are  distended  with 
leucocytes,  mononuclear  cells,  and  blood,  and  usually  thrombosed 
with  great  quantities  of  streptococci  entangled  in  the  thrombus. 
Before  discussing  other  parts  of  the  lymphatic  network,  however,  we 
must  describe  the  alveolar  structure  of  the  lung. 

It  has  been  said  that  in  the  earliest  stages  the  alveoU  about  the 
terminal  bronchioles  contain  leucocytes  and  streptococci.  That 
seems  to  be  a  transient  condition,  however,  for  in  stages  only  a  littie 
older  a  different  condition  is  found.  Even  in  the  early  lesions  in 
Case  14,  in  which  the  opposite  lung  showed  old  lesions,  the  bron- 
chiole is  distincUy  infiltrated  and  thickened,  and  the  affection  extends 
through  the  wall  to  the  adjacent  alveoli.  These  are  filled  with  blood, 
the  lining  epitheliimi  is  beginning  to  desquamate,  and  there  are  some 
mononuclear  cells. 

In  the  later  stages  a  uniform  process  appears  which  is  a  combina- 
tion of  these.  The  alveolar  walls  contiguous  to  the  bronchi  become 
widened  and  thickened  by  an  invasion  of  mononuclear  cells  just  as 
in  the  bronchial  wall  itself.  The  alveoli  are  partiy  filled  with  fluid 
and  with  desquamated  alveolar  epitheliimi.  Many  of  them  a  Uttle 
farther  removed  are  quite  filled  with  red  corpuscles  and  all  con- 
tain dense  masses  of  compact  fibrin  in  which  cells  are  partiy  entangled. 
Mononuclear  cells  escape  into  the  alveoli,  but  in  small  nimibers.  It  is 
strange  that  although  streptococci  are  foimd  in  the  lumen  of  the 
bronchus  among  the  polymorphonuclear  cells  which  persist  there,  and 
in  still  greater  nimibers  in  the  thrombosed  lymphatics  of  the  wall, 
they  are  not  to  be  found  in  these  distended  alveoli,  which  seems  to 
show  that  this  process  has  a  certain  protective  influence. 

A  later  stage,  as  in  Cases  29, 15,  16,  34,  or  best  of  all  41,  shows  the 
wide  extension  of  this  process  of  filling  up  the  alveoli  with  dense 
fibrin  in  solid  but  rather  contracted  plugs  which  occupy  only  part 
of  the  space,  epithelial  cells,  fluid,  and  blood.  The  fluid  which  ex- 
tends far  wide  of  the  actual  area  of  consolidation  is  evidentiy  very 
thick  and  viscous,  for  it  coagulates  in  fixation  into  a  brittie  mass 
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which  takes  a  deep  stain.  The  infiltration  of  the  alveolar  walls 
sometimes  produces  a  great  thickening.  The  cells  accumulate  on 
each  side  of  the  centrally  placed  layer  of  capillaries  and  lift  away 
from  them  the  delicate  structureless  membrane  which  on  each  side 
forms  the  wall  of  the  alveolus  upon  which  the  epithelial  cells  are  laid. 
This  is  very  distinct  in  spite  of  the  text-book  statement  that  there  is 
but  one  structureless  membrane  in  each  alveolar  wall.  This  infiltra- 
tion is  most  marked  in  the  immediate  neighborhood  of  the  bron- 
chiole,  in  the  neighborhood  of  blood  vessels  whose  adventitial  walls 
are  thickened  in  the  same  way,  and  again  in  the  neighborhood  of  the 
pleura  and  the  interlobular  septa.  In  other  parts  of  the  lobule  the 
alveolar  walls  maintain  their  proper  thickness  for  a  long  time  and  in 
many  cases  are  air-containing  and  normal  in  appearance  where  they 
lie  apart  from  the  fod  of  consolidation.  Where  the  alveolar  walls 
are  rendered  dense  and  not  easily  stretched,  the  alveolar  epitheliimi 
becomes  thick  and  cubical;  frequently  one  may  find  mitotic  figures  in 
these  cells,  indicating  plainly  their  active  multiplication  which  must 
be  necessary  to  produce  such  nimibers  as  are  found  shed  into  the  cavi- 
ties of  the  alveoli.  It  is  astounding  to  find  that  even  before  the 
later  stages  just  described  have  been  reached,  organization  of  the 
exudate  has  begun.  In  the  bronchioles  of  the  tiny  hemorrhagic  fod 
in  Case  14,  and  in  the  alveoli  and  bronchi  of  many  of  the  other  cases, 
new  blood  vessels  are  found  to  have  grown  into  the  exudate  carrying 
fibroblasts  and  replacing  the  fibrin  with  vascular  connective  tissue. 
The  origin  of  this  from  the  walls  of  the  bronchioles  and  its  ex- 
tension into  many  alveoli  is  often  seen.  Connective  tissue  may  spring 
up  through  a  defect  in  the  epitheliimi  of  the  bronchial  wall  and 
stretch  across  the  limien  to  connect  with  the  opposite  wall  or  it  may 
form  a  column  which  reaches  down  into  the  alveoli  and  forms  a  sort 
of  mold  of  the  original  air  spaces.  Epitheliimi  grows  over  it  rap- 
idly and  whole  fidds  may  show  the  alveoli  fairly  occupied  by  strands 
of  pretty  dense  connective  tissue,  supplied  with  blood  vessels  and 
dothed  in  epithelium. 

The  blood  vessels  of  the  lung  are  not  espedally  altered.  I  have 
found  none  thrombosed,  and  the  drculation  is  unimpaired.  The 
circulation  is  indirectly  embarrassed  in  two  ways  by  the  same  means. 
The  obstruction  of  the  bronchi  by  infected  material  need  not  extend 
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into  the  alveoli  of  its  own  respiratory  district,  although  the  inflam- 
matory process  extends  through  the  wall  to  the  neighboring  alveoli, 
but  it  does  prevent  the  entrance  of  air.  The  atelectasis  which  re- 
sults from  this  is  rendered  general  and  complete  by  the  pressure 
exerted  on  the  lung  by  an  effusion  of  fluid  into  the  pleura,  and  the 
lung  as  it  appears  when  removed  from  the  body  is  commonly  a  flabby 
pasty  soft  grey-blue  mass  which  has  been  plastered  against  the  verte- 
bral column  and  compressed  into  an  airless  substance.  The  blue 
color  at  once  indicates  its  filling  with  venous  blood,  for  when  it  is  dis- 
tended it  quickly  becomes  bright  red.  This  must  be  due  to  the 
angular  kinking  of  the  venules  which  prevents  the  proper  egress  of  the 
blood.  This  is  supported  by  the  fact  that  in  old  cases  of  empyema  in 
which  the  condition  has  lasted  a  long  time  the  alveoli  are  filled  with 
epithelial  cells  loaded  with  iron  pigment  which  are  so  characteristic 
of  chronic  passive  congestion.  One  may  conclude  that  there  is  a 
chronic  passive  congestion,  caused  by  local  pressure  which  indicates 
that  the  passage  of  blood  is  impeded  and  necessarily  the  whole  circu- 
lation in  some  degree  obstructed. 

The  pleural  changes  have  been  mentioned.  The  pleura  itself  is 
sometimes  smooth,  sometimes  covered  with  a  thin  film  of  fibrin,  but 
most  often  with  a  thick  shaggy  layer  of  fibrin  into  which  it  throws  up 
blood  vessels  and  connective  tissue,  by  this  process  converting  itself 
into  a  thick  layer  of  granulation  tissue.  This  is,  of  course,  continued 
into  the  pleural  surfaces  of  the  interlobar  spaces  where,  however,  it 
is  limited  by  the  ready  formation  of  adhesions. 

The  interlobular  septa  which  run  downward  into  the  lung  from  the 
pleura  have  become  especially  interesting  in  this  disease  because  of 
their  own  changes  and  because  of  the  lymphatics  which  run  in  their 
substance.  The  septa  themselves  become  edematous  and  their  con- 
nective tissue  fibers  are  spread  wide  apart.  A  coagulum  of  fibrin  in 
which  there  are  entangled  nimierous  mononuclear  wandering  cells 
forms  in  the  fluid  in  the  meshes  of  this  tissue.  At  a  later  stage  this 
condition  which  renders  the  septa  very  conspicuous,  as  in  Cases  34 
and  29  and  others,  gives  place  through  abundant  formation  of  new 
connective  tissue  to  one  in  which  the  widened  septa  are  found  to  be 
composed  of  dense  fibrous  tissue,  as  in  Cases  35,  193,  57,  58,  and 
others. 
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The  Ijrmphatics  of  the  lung  have  been  the  object  of  much  study 
(Miller,  Cunmngham,  and  others),  but  even  yet  there  is  not  per- 
fect unanimity  of  opinion  about  their  arrangement  and  more 
especially  about  the  course  of  the  stream  of  lymph.  According  to 
Miller's  description,  they  run  in  the  septa  and  in  the  walls  of  the 
blood  vessels  and  bronchi  toward  the  hilum  of  the  lung  where  they 
empty  into  the  sinuses  of  the  bronchial  glands.  On  the  pleural 
surface,  or  rather  in  the  substance  of  the  pleural  membrane,  lymphatic 
channels  which  form  a  dense  network  are  connected  with  those  in  the 
substance  of  the  lungs.  Miller  states  that  the  current  from  the  super- 
ficial layers  of  the  limg  is  directed  away  from  the  hilum  and  toward  the 
pleural  network  and  that  this  is  supported  by  the  direction  of  the 
valves  toward  that  network.  I  have  made  some  injections  in  dis- 
tended limgs  after  having  first  filled  the  blood  vessels  with  carmine 
gelatin.  The  lymphatics  were  injected  with  Berlin  blue  through  a 
fine  hypodermic  needle  inserted  into  the  substance  of  the  pleural 
membrane.  A  most  extensive  and  complete  injection  of  this  network 
can  be  seen  to  shoot  out  over  the  surface  of  the  lung  and  from  it  larger 
tnmks  dipping  into  the  substance  of  the  limg  suddenly  appear  as  they 
are  filled  with  the  blue  mass.  A  fairly  complete  injection  of  the  peri- 
vascular and  peribronchial  and  septal  lymphatics  as  far  as  the  hilimi 
of  the  limg  can  be  made  in  this  way,  showing  the  latter  channels  to  be 
very  wide.  It  seems  probable  from  experience  with  the  injecting  of 
lymphatics  elsewhere  that  no  such  complete  injection  could  be  made 
with  moderate  pressure  if  many  valves  had  to  be  forced  backward. 
Further  a  fortunate  section  or  two  showing  the  lymphatics  of  the 
interlobular  septa  in  direct  connection  with  those  of  the  pleural  net- 
work reveals  the  fact  that  the  undisturbed  valves  actually  open  away 
from  the  pleura  even  at  a  distance  of  only  a  few  millimeters  from  the 
surface.  This  is  shown  in  Fig.  23.  I  think,  therefore,  that  in  the 
lymphatic  apparatus  of  the  lung  the  natural  current  is  from  the 
pleural  surface  toward  the  hilmn  of  the  lung. 

In  all  the  cases  of  interstitial  bronchopneumonia,  the  lymphatics 
as  seen  in  section,  whether  in  the  walls  of  the  bronchi  and  blood 
vessels,  in  and  about  the  interlobular  septa,  or  in  the  pleura,  become 
conspicuously  dilated  and  are  frequently  filled  with  a  thrombus. 
These  thrombi  are  entirely  analogous  to  thrombi  which  might  form 
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in  veins  except  that  they  contain  no  red  corpuscles  and  are  not  con- 
structed on  the  peculiar  framework  of  platelets  which  appear  so  regu- 
larly in  the  venous  thrombi.  Platelets,  of  course,  must  be  practically 
absent  from  the  fluid  Ijrmph  in  such  peripheral  lymphatics  so  that  the 
materials  for  the  construction  of  an  elaborately  formed  thrombus  are 
lacking.  The  lymphatic  thrombi  are  mere  formless  coagula  of  fibril- 
lated  fibrin  in  whidi  leucocytes  and  many  streptococci  are  entangled. 
They  must  effectively  obstruct  the  channel  when  they  are  large 
enough  and  thus  divert  the  current  into  other  paths. 

In  many  cases  the  lymphatics  distended  in  this  way  with  opaque 
yellowish  pus  or  clots  loaded  with  leucocytes  become  most  conspicu- 
ous on  the  cut  surface  of  the  limg.  They  are  sometimes  2  to  3  mm. 
in  width  and  distinctly  beaded  as  they  run  along  the  course  of  the 
interlobular  septum.  Many  of  them  can  be  traced  to  their  connection 
with  the  pleural  network  which  may  be  similarly  distended  with  a 
yellowish  white  mass.  On  section,  as  shown  in  Fig.  10  from  Case 
34,  they  appear  as  huge  varicosities  in  the  course  of  the  interlobular 
septum  and  are  filled  to  distension  with  leucocytes  and  streptococci. 
In  one  limg  which  was  shown  me  they  were  so  large  as  to  be  mistaken 
for  bronchi. 

It  seems  that  this  constant  infection  of  the  peribronchial  and  other 
Ijrmphatics  in  the  early  stages  of  the  disease,  with  a  real  concentra- 
tion of  bacteria  in  the  lymphatics,  must  play  a  part  in  the  early  pro- 
duction of  pleural  infection.  Of  course  the  idea  of  transportation  of 
the  bacteria  by  the  lymph  to  the  pleura  is  opposed  by  the  state- 
ment made  above  that  the  current  is  all  in  the  opposite  direction,  but 
with  the  entrance  of  the  bacteria  the  lymphatics  become  obstructed 
and  the  current  stops.  t)irect  extension  by  growth  is  visible  in  these 
lymphatics  in  sections,  and  that  seems  to  afford  the  most  plausible 
explanation  of  the  early  infection  of  the  pleura.  Other  arguments 
concerning  pleurisy  may  be  more  satisfactorily  discussed  later  in 
connection  with  empyema.  ^ 

These  then  are  the  main  points  in  the  anatomy  of  the  interstitial 
bronchopneumonia  in  as  far  as  the  lung  is  concerned.  It  appears  as  a 
primary  infection  of  the  bronchioles.  In  the  course  of  the  affection 
thickening  and  infiltration  of  the  bronchial  and  alveolar  walls,  of  the 
interlobular  septa,  perivascular  adventitial  tissue,  and  of  the  pleura 
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occur.  The  lymphatics  are  widely  infected  and  thrombosed.  The 
alveoli  about  the  infected  bronchi  are  filled  with  fluid  and  blood,  dense 
coagula  of  fibrin  appear,  the  epithelial  cells  multiply  and  are  shed 
into  the  Imnen,  a  few  mononuclear  cells  appear,  and  organization 
takes  place  in  this  exudate  imtil  bronchi  and  alveoli  contain  strands 
of  fibrous  tissue.  In  the  meanwhile  the  infection  probably  extending 
by  growth  along  the  lymphatics  reaches  the  pleura  and  sets  up  a 
pleurisy  with  effusion,  one  effect  of  which  is  to  cause  extensive  col- 
lapse of  the  lung.  It  is  important  to  consider  at  this  point  the  dis- 
tribution of  the  bacteria  in  the  lung  in  this  affection.  The  exudate 
in  the  Imnen  of  each  bronchiole  always  contains  streptococci  in  con- 
siderable nimibers;  the  lymphatics  in  the  bronchial  wall  and  those 
seen  elsewhere  contain  them  in  numbers  in  the  thrombi;  the  superficial 
layers  of  the  exudate  on  the  pleural  surface  contain  a  perfect  feltwork 
of  these  organisms  sometimes  enclosed  in  leucocytes;  but  the  contents 
of  the  alveoli  and  the  substance  of  the  tissue  contain  none.  Even 
in  the  bronchial  wall  it  is  generally  impossible  to  trace  the  bacteria 
into  the  crevices  of  the  tissue.  In  the  pleural  exudate  it  is  the  super- 
ficial layers  which  contain  them ;  the  fluid  exudate  is  a  thick  suspension 
of  bacteria,  but  they  are  found  in  rapidly  decreasing  nimibers  as  one 
passes  into  the  substance  of  the  fibrinous  exudate,  and  in  the  pleural 
granulation  tissue  there  are  none.  Since  they  find  the  conditions  for 
their  life  so  unsuitable  in  the  depths  of  a  fibrinous  exudate  there  must 
be  rapid  additions  to  those  in  the  lymphatics  to  maintain  their  nimi- 
bers. It  is  interesting  to  observe  their  behavior  upon  the  surface  of 
the  lobulated  mediastinal  fat  which  hangs  in  the  pleural  cavity 
near  the  apex  of  the  heart.  Wherever  the  surface  was  exposed  the 
streptococci  were  numerous;  where  two  folds  had  adhered  so  that  the 
crevice  between  them  was  obliterated  by  a  fibrinous  adhesion  the  bac- 
teria descended  to  the  depth  of  the  open  crevice,  but  there  were  none 
in  the  deeper  obliterated  part,  nor  anywhere  in  that  tissue. 

All  this  must  signify  a  definite  power  of  resistance  on  the  part  of  the 
tissues  in  these  cases,  indicating  their  ability  to  destroy  the  organisms 
whenever  they  come  into  sufficiently  close  contact  with  the  living 
cells,  for  as  we  shall  see  in  the  next  two  groups  of  cases  a  different 
lesion  is  developed  in  those  patients,  apparently  because  they  have 
little  of  this  power  of  resistance.    While  streptococci  are  present  in 
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relatively  small  number  in  the  interstitial  form,  in  which  bulwarks 
are  built  up  against  them,  they  swarm  in  direct  contact  with  the 
tissues  in  the  lobular  pneimionia  and  cause  extensive  necrosis.  The 
contrast  between  their  distribution  in  interstitial  bronchopneu- 
monia and  that  of  pneumococci  in  lobar  pneimionia  is  also  striking 
because  the  pneumococci  are  scattered  evenly  throughout  the  depths 
of  a  pleural  exudate  and  everywhere  in  the  contents  of  the  alveoli. 

Small  foci  of  lobular  pneumonia  occur  in  many  of  these  cases, 
but  the  next  group  is  set  apart  as  illustrating  more  fully  this  com- 
bination. 

2.  Interstitial  Bronchopneumonia  and  Lobular  Pneumonia. 

Case  24, — ^A.  G.  C,  age  25  yrs.  Measles  and  mumps  in  childhood.  Taken  sick 
Jan.  15,  1918,  with  sudden  pain  in  the  right  side.  Next  morning  fever  and  ex- 
treme weakness.  Entered  hospital  Jan.  16.  Dulness  over  right  limg  in  front 
with  tubular  breathing  and  r&Ies.  Left  lung  hyperresonant.  Leucocytes  18,800. 
Temperature  98-105**  F.,  pulse  94-155,  respiration  20-55.  Died  Feb.  4.  Au- 
topsy Feb.  5,  at  5  p.m. 

Anatomical  Diagnosis:  Interstitial  bronchopneumonia  with  disseminated  lobular 
pneumonia. 

Left  pleural  cavity, — Contains  no  fluid;  surfaces  are  dull  and  hyperemic  over 
the  posterior  portion  of  the  lung.  Right  pleural  cavity. — Contains  no  fluid. 
There  are  light  fibrous  adhesions  easily  broken  through  over  the  posterior 
portion,  and  the  surfaces  are  injected.  Heart. — ^The  pericardial  cavity  con- 
tains a  few  cc.  of  fluid;  its  surfaces  are  glistening.  The  heart  is  of  moderate 
size,  flabby,  and  soft.  The  endocardium  of  the  right  side  is  smooth,  tricuspid, 
and  the  pulmonary  valves  are  delicate.  The  mitral  valve  is  thickened  and 
shortened  but  not  definitely  stenosed.  The  chords  tendinese  are  also  involved 
in  this  thickening,  but  the  mitral  ring  measures  8.5  cm.  in  circumference.  On  the 
anterior  leaflet  there  are  several  massed  vegetations  which  form  a  cltimp  about  1 
cm.  in  height.  These  are  rough  and  crumbly.  There  is  a  smaUer  vegetation  at 
the  middle  of  the  leaflet  while  the  large  mass  extends  somewhat  on  the  posterior 
leaflet.  The  aortic  valves  are  delicate  and  competent.  The  coronary  arteries  are 
smooth.  In  the  myocardium  of  the  septum  beneath  the  endocarditim  is  a  small 
pale  fleck  surrounded  by  hemorrhage.  Left  kidney, — Contains  an  anemic  infarc- 
tion about  1  cm.  in  diameter.  Left  lung. — Voluminous.  The  upper  lobe  is 
easily  and  completely  insufflated,  the  lower  lobe  less  so,  leaving  superficial  collapsed 
areas.  On  section  the  upper  lobe  b  air-K:ontaining  throiighout.  Lower  lobe  is 
spongy  and  apparently  largely  air-containing.  There  are  coalescent  grey  spongy 
patches  surrounding  blood  vesseb  or  bronchi  which  are  separated  especially  near 
the  surface  of  the  lung  by  deep  red  areas.    There  are  no  definite  nodules  nor 
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even  any  definite  consolidation.  No  distinct  thickening  of  bronchial  or  blood 
vessel  walls  is  to  be  observed  and  there  is  no  pleiirisy.  Right  lung. — Edematous 
and  densely  studded  with  greyish  nodules  of  consolidation  which  are  conspicu- 
ous on  a  dark  red  background. 

Microscopic  Examination, — ^The  lung  shows  no  change  in  the  pleura.  There  is 
but  slight  thickening  of  the  interlobular  septa.  The  bronchi  are  filled  with  an 
exudate  of  leucoc3rtes.  The  walls  are  somewhat  thickened  and  infiltrated.  The 
alveolar  walls  are  very  slightly  infiltrated.  They  are  filled  with  fluid  and  des- 
quamated epithelial  cells  and  with  dense  plugs  of  fibrin  which  are  in  places  or- 
ganized. The  organization  ddes  not  extend  to  the  bronchi.  Certain  areas  show 
the  alveoli  filled  with  leucoc3rtes  in  a  fibrin  network,  but  these  are  only  scattered 
patches.  Other  areas  are  loaded  with  bacteria  and  are  necrotic,  the  necrosis 
involving  the  walls  of  the  alveoli.  Such  bacteria  are  partly  streptococci  but 
partly  large  Gram-positive  spore-bearing  bacilli. 

Therefore  the  changes  are  probably  in  part  due  to  postmortem  decomposition. 
Bacteriological  cultures  showed  Gram-positive  gas-produdng  bacilli  in  blood  and 
limgs. 

Case  29. — C.  B.  D.,  age  20  yrs.  Began  Jan.  18  with  nosebleed,  cold  in  head, 
and  painful  eyes,  photophobia,  fever,  and  chilliness.  Entered  hospital  Jan.  23, 
1918,  with  sore  throat,  reddened  pharynx,  no  tonsillitis,  a  red  crescentic  papular 
eruption  over  face  and  body.  Coughing,  with  fine  rides  over  the  entire  chest,  per- 
sisted. Rash  lasted  5  or  6  days.  Since  onset  patient  has  been  hoarse  and  at  pres- 
ent (Feb.  4)  cannot  speak  above  a  whisper.  About  Jan.  30  patient  developed  a 
pain  in  both  axillae  with  marked  difficulty  in  breathing.  R&les  were  heard  over 
both  lungs.  Inspiration  lengthened  and  so  labored  as  to  bring  in  accessory 
muscles.  Friction  rub  in  left  axilla.  The  percussion  note  later  became  dull 
or  flat  in  the  left  axilla  and  back  and  the  friction  rub  disappeared.  Patient 
growing  more  and  more  cyanotic,  conscious,  and  very  nervous.  Needle  inserted 
at  lower  angle  of  left  scapula  but  only  blood  obtained.  Sputum  abundant,  greyish 
white,  tenacious.  Patient  died  on  Feb.  7,  9.50  p.m.,  20  days  after  the  onset  of 
measles.  Cultures  from  sputum  and  material  obtained  from  lung  puncture 
showed  Streptococcus  hcsmolyticus.  Blood  culture  taken  Feb.  7  negative.  Au- 
topsy Feb.  8,  9  a.m. 

Anatomical  Diagnosis:  Clinical  history  of  measles.  Bilateral  interstitial  broncho- 
pneumonia.   Fibrinopurulent  pleuriHs  {left).    Early  serofibrinous  pericarditis. 

Left  pleural  cavity. — Contains  about  1,500  cc.  of  greenish  brown  turbid  fluid. 
The  surfaces  are  covered  with  a  fibrinous  exudate,  but  as  there  are  numerous  ad- 
hesions posteriorly  most  of  the  fluid  b  held  in  the  anterior  portion  of  the  thorax. 
Right  pleural  cavity. — ^There  is  no  excess  of  fluid  and  the  surfaces  are  smooth 
anteriorly,  but  over  the  posterior  part  of  the  cavity  and  over  the  diaphragm  the 
lung  is  adherent  by  a  thin  hemorrhagic  fibrinous  exudate.  Pericardial  cavity. — 
Contains  about  40  cc.  of  slightly  turbid  fluid.  The  pericardial  surfaces  are  slightly 
injected  and  there  are  a  few  shreds  of  fibrin.    Lrft  lung. — ^The  limg  feels  flabby 
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and  soft  but  contains  some  firmer  nodules.  The  upper  lobe  is  largely  air-contain- 
ing while  the  lower  is  heavy,  dense,  and  collapsed.  On  section  the  upper  lobe 
shows  very  distinct  interlobular  septa,  and  in  the  upper  posterior  portion  there 
are  a  few  small  peribronchial  consolidations  surrounded  by  grey  ^K>ngy  tissue. 
Several  of  these  areas  are  embedded  in  the  deep  red  tissue  of  each  lobule.  In 
the  lower  part  of  the  lobe  the  consolidated  portions  are  so  numerous  as  to  form 
a  confluent  network.  Each  yellowish  branching  nodule  is  bordered  with  red  and 
these  are  separated  by  greyish  tissue.  In  the  lower  lobe  the  mesial  and  posterior 
parts  are  thickly  studded  with  gre3ash  yellow  areas  which  in  places  grow  large 
and  become  confluent.  In  the  outer  or  axillary  portion  of  the  lobe  these  are 
fewer  and  of  smaller  size.  The  septa  are  still  conspicuous  but  the  bronchi  are 
not.  The  limg  is  covered  especially  over  the  lower  part  with  a  thick  fibrinous 
exudate.  RigfU  lung. — ^The  limg  b  voluminous  and  almost  everywhere  air- 
containing.  There  is  a  thin  fibrinous  exudate  over  the  lower  lobe  and  lower 
part  of  the  upper.  The  bronchi  are  deeply  reddened.  The  upper  lobe  is  largely 
air-containing.  There  are  a  few  small  branched  peribronchial  consolidations 
and  a  large  firm  one  1  cm.  in  diameter.  In  the  lower  lobe  there  is  no  conspicuous 
thickening  of  the  bronchi,  but  in  the  lowermost  part  the  bronchi  are  widened 
and  full  of  exudate  and  surroimded  by  feathery  homogeneous,  greyish  red  areas 
of  consolidation.  From  their  homogeneous  uniform  appearance  these  seem  to  be 
areas  in  which  the  alveoli  are  filled  with  exudate.  There  are  some  laige  opaque 
yellow  patches  and  many  confluent  grey  smooth  areas.  Larynx. — Slightly  red- 
dened and  covered  with  mucus.    No  ulceration  visible. 

Microscopic  ExaminaHon. — ^The  tissue  of  the  left  limgshows  great  thickening  of 
all  the  framework  of  the  organ.  The  interlobular  septa  are  wide,  contain  a  good 
deal  of  fibrin  in  the  form  of  a  network,  but  in  most  places  this  has  disappeared 
and  the  broad  septum  is  made  up  of  loose  connective  tissue  with  many  fibroblasts. 
The  bronchi  have  lost  their  epithelium,  contain  leucocytes,  desquamated  epithe- 
lium, and  a  few  streptococci  (Fig.  31).  An  effective  stain  reveals  influenza  bacilli 
in  great  numbers  in  bronchi  and  alveoli.  Elastic  tissue  stain  shows  readily  the 
original  outlines,  and  it  is  dear  that  there  is  a  thick  layer  densely  infiltrated 
with  mononuclear  cells  which  has  formed  just  beneath  the  epithelium,  lifting 
it  up.  The  remaining  muscular  and  connective  tissue  portion  of  the  wall  is 
densely  infiltrated  with  mononuclear  cells  and  some  leucoc3rtes  and  is  much 
thickened  (Fig.  32).  Viewed  with  a  low  power  any  one  lobule  appears  denser 
around  the  central  bronchus  and  near  the  siurounding  interlobular  septa  than  in 
the  intervening  zone.  This  is  largely  due  to  the  fact  that  in  the  neighborhood 
of  the  bronchus  and  at  the  periphery  near  the  septum  the  alveolar  walls  are 
greatly  thickened.  The  epithelium  is  in  general  desquamated,  but  the  underlying 
structureless  membrane  which  can  be  most  distinctly  seen  is  lifted  away  from  the 
capillaries  which  hold  to  the  middle  of  the  alveolar  wall  by  a  great  mass  of  mono- 
nuclear wandering  cells  and  newly  formed  connective  tissue.  Thus  in  each  al- 
veolar waU  the  capillaries  are  covered  on  each  side  by  a  layer  of  these  cells 
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bounded  by  the  membrane  of  the  waU.  In  the  midzone  of  the  lobule  the  alveolar 
walls  are  thinner.  All  this  infiltration  and  new  connective  tissue  formation 
forms  another  instance  of  the  reason  for  speaking  of  this  condition  as  interstitial 
bronchopneumonia. 

The  alveoli  contain  many  desquamated  epithelial  cells,  rather  dense  fibrin,  and 
a  few  mononuclear  wandering  cells.  There  are  few  if  any  streptococci  to  be  seen. 
But  in  places  there  are  small  groups  of  alveoli  densely  filled  with  leucocytes 
among  which  there  are  great  ntimbers  of  streptococci.  This  coexistence  of  what 
may  be  called  lobular  pnetimonia  with  the  interstitial  bronchopneumonia  is 
noteworthy.  The  interlobular  septa  are  composed  of  a  network  of  fibroblasts 
(Fig.  33).  The  lymphatics  are  wide  and  contain  a  mass  of  cells  which  are  prac- 
tically all  mononuclear.  Some  are  as  large  as  alveolar  epithelial  cells.  There  is 
often  also  a  network  of  fibrin  which  is  beginning  to  undergo  organization.  A  few 
streptococci  are  found  there. 

In  other  areas  of  the  left  limg  and  in  the  right  lung  the  inflammatory  process 
beginning  about  the  bronchi  is  associated  with  much  edema  and  hemorrhage  into 
the  alveoli.  The  left  limg  shows  the  most  extreme  interstitial  changes  yet  seen. 
There  are  quite  large  areas  which  are  completely  airless,  the  alveoli  being  filled 
with  fluid  and  desquamated  cells  and  blood  (Fig.  34),  the  alveolar  walls,  vessels 
walls,  and  interlobular  septa  greatly  widened  by  infiltration  with  mononuclear 
cells.  The  lymphatics  are  filled  with  mononuclears  and  fibrin  out  to  the  pleural 
exudate.  The  bronchi  are  enormously  thickened  and  overvascularized.  Usu- 
ally the  epithelium  is  lost  and  the  thick  waU  densely  infiltrated  with  mono- 
nuclears. In  some  places  the  contents  of  the  bronchi  appear  to  be  replaced  by  a 
mass  of  newly  formed  vascular  tissue. 

The  lobulated  fat  which  hangs  into  the  pleural  cavity  from  the  surface  of  the 
pericardium  is  covered  with  exudate  and  most  of  the  lobules  are  glued  together. 
Streptococci  are  abimdant  on  the  surface  and  extend  into  the  ends  of  the  open 
crevices  but  are  not  found  in  the  fibrin  which  closes  the  crevices  or  in  the  tissues. 

Cultures  from  blood,  pericardial  fluid,  pleural  fluid,  and  left  lung  reveal  Strep- 
iococcus  hccmolyHcus, 

Case  30.— F,  E.  H.,  age  23  yrs.  Was  in  hospital  for  tonsillitis  Dec.  24-29, 
1917.  No  rash  at  this  time.  Since  then  has  been  having  chills  every  night.  On 
Jan.  3  developed  pain  in  the  left  side  of  the  chest  and  entered  the  hospital,  Jan. 
6,  1918,  with  signs  of  dulness,  tubular  breathing,  and  crepitant  riles  over  the 
left  lower  chest.  1,000  cc.  of  turbid  straw-cotored  fluid  were  a^irated  on  Jan. 
21,  and  on  Jan.  23  the  left  pleural  cavity  was  drained  by  resection  of  the  7th 
and  8th  ribs.  Leucocytes  35,000.  Temperature  99-104*  F.,  pulse  90-160, 
respiration  20-40.    Died  Feb.  7,  at  6  p.m.    Autopsy  Feb  8. 

Anatomical  Diagnosis:  Interstitial  bronchopneumonia  and  lobular  pneumonia 
with  abscess  formation  and  empyema  {left  side).    Lobular  pneumonia  (fight  lung). 

Left  pleural  caw/y.— Obliterated  by  fresh  adhesions  in  the  anterior  portion,  but 
posteriorly  there  is  a  cavity  open  to  the  air  through  an  incision  which  interrupts 
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the  7th  and  8th  ribs  in  the  left  anterior  axillary  line.  This  cavity  contains  about 
400  cc.  of  an  extremely  foul  greenish  brown  turbid  fluid.  The  surfaces  are  covered 
where  they  form  the  waU  of  the  cavity  with  a  thick  greenish  exudate.  Right 
pleural  cavity, — Contains  no  excess  of  flmd  and  the  surfaces  are  smooth  and  glisten- 
ing. Left  lung, — ^The  lung  is  partly  collapsed,  its  posterior  part  covered  with 
greenish  exudate.  The  upper  lobe  contains  a  few  smaU  consolidated  areas.  The 
lower  lobe  is  dosely  studded  with  similar  small  consolidated  patches  which  have 
become  liquefied  centrally.  The  intervening  lung  substance  is  collapsed  and  ede- 
matous. Right  lung. — In  general  the  limg  is  air-containing,  but  in  the  lower  lobe 
there  are  one  or  two  firm  nodules.  One  of  these  stands  out  above  the  surrounding 
limg  surface  and  the  pleura  over  it  is  dull  and  covered  with  fibrinous  exudate. 
On  section  this  patch  is  opaque  and  yellow,  but  it  is  still  possible  to  discern  in 
it  the  bronchi  filled  with  exudate.  In  other  parts  of  the  lung  there  are  small 
abscess-like  fod  surrounded  by  hemorrhage. 

There  are  evident  general  signs  of  postmortem  decomposition.  The  skin  of 
the  abdomen  is  discolored  and  green  and  the  gastric  mucosa  and  retro^i^ritoneal 
tissues  contain  large  gas  blebs. 

Microscopic  Examination. — Sectiolis  throiigh  the  least  affected  part  of  the 
left  limg  show  the  greatly  thickened  pleura  which  is  replaced  by  a  dense  granu- 
lation tissue.  The  bronchi  are  in  places  filled  with  an  exudate  of  leucocytes  and 
mononuclears.  The  adjacent  alveoli  show  slight  infiltration  of  the  walls;  the 
epithelial  cells  are  desquamated  and  fill  the  lumen.  Most  striking  is  the  pres- 
ence of  whole  colonies  of  bacteria  in  the  blood  vessels  and  capillaries  and  some- 
times in  the  alveoli  and  bronchi.  Since  these  are  present  in  enormous  num- 
bers in  the  capillaries  of  the  liver,  spleen,  kidne3rs,  and  adrenals,  with  little  or  no 
reaction  about  them,  it  seems  probable  that  they  have  become  so  numerous 
through  postmortem  growth.  In  other  areas  of  the  lung  there  are  large  patches 
of  necrosis  in  which  all  structure  is  lost  and  merged  into  a  granular  material 
loaded  with  micrococci  and  masses  of  minute  Gram-negative  bacilli  which  may 
be  influenza  bacilli.  About  these  there  is  a  dense  pneumonic  consolidation  with 
edema  and  hemorrhage  in  the  distant  margin.  Many  of  the  alveoli  show  a  curious 
columnar  form  of  epithelium  which  makes  them  look  like  minute  bronchioles. 

No  cultures  were  made. 

Case  35. — C.  E.  P.,  age  26  yrs.  Entered  hospital  Jan.  13,  1918,  complaining 
of  pain  in  left  chest,  chills,  and  fever.  No  history  of  sore  throat  or  rash.  Does 
not  remember  having  had  measles.  Dulness  with  tubular  breathing  over  the  left 
base  at  the  back.  Leucocytes  20,800.  Temperature  101-105*  F.,  pulse  120-160, 
respiration  30-^.  Jan.  26,  evidences  of  fluid  at  the  left  base  with  new  signs  of 
consolidation  in  upper  left  and  lower  right  lobes.  On  Jan.  29  aspiration  of  the 
right  side  gave  200  cc.  of  doudy  reddish  brown  fluid.  Feb.  1,  severe  pain  in 
left  chest.  Feb.  5,  rib  resected  on  left  side  and  drainage  established  after  re- 
peated aspirations  during  preceding  2  days.  Feb.  9,  patient  complains  of  severe 
pains  in  abdomen  which  is  greatly  distended,  rigid,  and  very  tender.  No  special 
localization  of  tenderness.    Died  Feb.  10, 1918,  at  10  p.m.    Autopsy  Feb.  1 1 ,  1918. 
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Anatomical  Diagnosis:  Interstitial  bronchopneumonia  and  lobular  pneumonia  with 
empyema  (left).  Acute  pericarditis  {beginning).  Acute  generalized  peritonitis. 
Acute  nephritis. 

Upon  opening  the  abdominal  cavity  there  is  an  escape  of  turbid  yellow  fluid 
with  flakes  of  fibrin.  The  surfaces  of  the  peritoneum  are  somewhat  injected 
on  the  left  side  but  are  everywhere  smooth.  No  origin  of  this  infection  could 
be  found  in  the  abdominal  organs.  Pericardium, — ^The  pericardial  sac  contains 
50  cc.  of  slightly  turbid  greenish  yellow  fluid.  The  vessels  on  the  inner  surface 
of  the  parietal  pericardium  are  slightly  injected.  Left  pleural  cavity. — ^There 
is  an  incision  in  the  anterior  axillary  line  over  the  7th  rib  and  a  portion  of  this 
rib  has  been  resected  allowing  fluid  to  escape  through  a  rubber  drainage  tube. 
Between  the  collapsed  lower  lobe  of  the  lung  and  the  parietal  pleura  there  is 
a  cavity  which  contains  about  400  cc.  of  a  bloody  purulent  flmd.  The  upper 
lobe  is  adherent  over  its  whole  surfa^ce  excepting  a  small  area  posteriorly  where 
it  forms  part  of  the  wall  of  the  empyema  cavity.  The  remaining  pleural  lining 
where  it  forms  the  wall  of  this  cavity  is  covered  with  a  fibrinopurulent  exudate. 
Right  pleural  cavity, — Obliterated  by  very  fresh  light  fibrous  adhesions  which 
are  easily  broken  throiigh  but  which  bind  the  lung  to  the  costal  pleura  and 
diaphragm.  Left  hmg, — ^The  pleura  is  much  thickened  and  the  lobes  are  bound 
together  by  a  fibrous  layer  4  mm.  in  thickness.  The  lobes  are  heavy  and  air- 
less except  at  the  anterior  margin  of  the  upper  lobe.  On  section  the  upper 
lobe  is  dark  red  and  rather  edematous,  but  there  are  no  areas  of  consolida- 
tion. The  lower  lobe  is  also  edematous  oa  section  and  reddish  grey  in  color. 
The  interlobular  septa  are  prominent  and  in  each  lobule  there  are  five  or  six 
opaque  yellow  areas  of  consolidation  many  of  which  show  a  central  cavity  or 
lumen.  The  bronchi  in  general  are  thick  with  reddened  and  edematous  mucosa. 
The  surrounding  tissue  is  dense  and  yellowish.  The  bronchial  glands  are  en- 
larged and  soft.  Right  lung, — ^The  surface  b  roughened  and  shows  subpleural 
hemorrhages  and  over  the  inferior  border  of  the  lower  lobe  a  thick  fibrinous  exu- 
date. All  the  lobes  are  readily  insufSated,  although  the  lower  was  collapsed 
and  heavy.  In  the  i^)per  and  lower  lobes  and  to  a  much  less  extent  in  the  middle 
there  are  found  a  few  small  greyish  translucent  areas  which  appear  to  be  due  to 
thickening  of  the  bronchioles.  The  bronchi  are  reddened.  The  lymph  glands 
at  the  hiltun  are  swollen  and  soft.  Kidneys, — ^Left  kidney  measures  12  by  5  by  4 
cm.  The  capsule  strips  readily,  leaving  a  smooth,  pale  greyish,  opaque  surface 
upon  which  numerous  small  hemorrhages  are  to  be  seen.  On  section  the  cortex 
measures  7  mm.  in  width.  It  appears  swollen  and  opaque.  The  striations  are 
somewhat  obscured  by  numerous  small  hemorrhages  in  the  cortex.  The  glomeruli 
are  visible  as  small  greyish  dots.  The  pyramids  are  dark  brownish  red  with  very 
distinct  striations.    Pelvis  is  normal.    The  right  kidney  is  in  all  respects  similar. 

Cultiures  from  the  blood,  pericardial  fluid,  pleural  fluid,  and  left  lung  show 
Streptococcus  hamolyticus  in  pure  culture. 

Microscopic  Examination, — ^The  right  limg  in  its  lower  lobe  shows  only  rather 
diffuse  changes  which  consist  in  the  filling  up  of  the  alveoli  with  fluid  and  blood. 
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The  walls  are  not  especially  altered,  but  in  the  capillaries  there  are  surprising 
numbers  of  megalocaryocytes. 

Rather  large  bronchi  shown  in  this  section  are  loosely  filled  with  leucocytes 
and  debris  of  epithelium.  The  bronchial  wall  is  not  markedly  thickened,  but  it 
is  striking  that  in  many  places  where  the  epithelium  is  desquamated  there  is  a 
distinct  adherent  layer  of  fibrin  on  the  waU  like  a  dq>htheritic  membrane. 

The  left  lung,  covered  with  a  thick  vascular  layer  of  granulation  tissue  sur- 
roimded  by  fibrin,  is  atelectatic,  and  the  bronchi  contain  bacteria  and  pus. 
There  are  no  other  remarkable  alterations  in  this  part  of  the  limg.  But  in  the 
lower  lobe  the  changes  are  advanced.  The  pleura  is  as  just  described.  The 
interlobular  septa  axe  wide  and  dense  and  contain  lymphatics  plugged  with  clots 
made  up  of  fibrin,  leucocytes,  and  bacteria.  The  bronchi  are  dilated,  the  walls 
greatly  thickened  by  mononuclear  infiltration,  the  epitheliimi  is  desquamated,  and 
the  lumen  filled  with  this  and  a  mixture  of  fluid  and  leucocytes  with  bacteria. 
Influenza  bacilli  are  present  in  numbers  among  the  strq)tococci.  From  the 
region  of  the  bronchi  the  alveolar  walls  are  thickened  by  infiltration  with 
mononuclear  cells  and  a  great  many  leucocytes,  but  at  a  little  distance  this 
thickening  disappears.  The  whole  tissue  is  compact  and  solid  because  each 
alveolus  while  partly  collapsed  contains  desquamated  epithelium,  fluid,  and 
blood.  There  are  not  many  mononuclear  cells  in  the  alveoli,  but  even  in  outl3ring 
places  they  persist  in  the  walls  of  the  small  blood  vessels  and  adjacent  alveoli. 

There  are  many  patches  of  lobular  consolidation  in  which  the  alveoli  are 
tightly  packed  with  leucocytes,  which  in  places  are  entirely  disintegrated  and 
appear  as  a  dust  of  nudear  fragments.  They  are  often  surrounded  by  wide 
zones  of  hemorrhage.  These  are  areas  of  lobular  pneumonia  rich  in  bacteria,  but 
in  contrast  there  are  often  found  minute  bronchioles  which  are  filled  with  leuco- 
C3rtes  and  whose  walls  are  greatly  widened  by  infiltration  of  mononuclears  and 
rendered  so  indefinite  that  their  outlines  cannot  easily  be  recognized  either 
within  or  without. 

The  kidney  shows  very  little  change  in  the  glomeruli.  There  is  occasionally 
some  coagulated  flmd  in  the  capsule.  Epithelium  of  the  tubules  much  degen- 
erated and  partly  desquamated.  The  tubules  are  in  places  filled  with  blood  and 
leucocytes.    There  are  a  few  leucocytes  in  the  interstitial  tissue. 

Case  58. — M.  F.  M.,  age  25  yrs.  History  negative.  Present  illness  began  on 
Jan.  10,  1918,  with  a  severe  cold  accompanied  by  sore  throat,  headache,  and 
fever.  Began  to  have  pain  in  his  left  side  on  the  day  of  admission  to  the  hos- 
pital, Jan.  13.  Dulness  was  found  over  both  lower  lobes  but  there  were  no 
rales  and  breadth  soimds  were  faint.  Temperature  ranged  from  lOl-KH.S"*  F., 
pulse  120-130,  and  respiration  28-48  until  Jan.  28,  when  temperature  fell  to 
normal.  There  was  marked  deliritim  on  Jan.  18.  Pus  was  a^irated  from  the 
right  chest  on  Jan.  27,  and  the  next  day  the  7th  rib  was  resected  and  the  right 
pleura  drained.  The  temperature  remained  rather  high,  100-102^,  and  the  pa- 
tient was  occasionally  delirious  until  his  death  on  Mar.  8,  1918.  Autopsy  Mar. 
8, 1918. 
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Anatomical  Diagnosis:  Old  intersPUial  bronchopneumonia  with  empyema  (right). 
Abscess  of  lung.    Acute  peritonitis. 

Left  pleural  cavity, — Contains  no  fluid  but  there  are  light  fibrinous  adhesions 
on  the  back  of  each  lobe.  The  lower  lobe  is  adherent  to  the  diaphragm  and 
there  are  slight  fibrinous  adhesions  on  the  anterior  margin  of  both  lobes.  Right 
pleural  cavUy, — ^In  the  right  anterior  axillary  line  there  is  a  large  operative 
wound  over  the  6th  rib.  The  margins  are  covered  with  granidation  tissue  and 
a  large  piece  of  the  underlying  rib  has  been  resected.  The  limg  can  be  seen 
to  be  collapsed.  The  pleural  surfaces  are  thickened  and  reddened  and  covered 
with  a  soft  fibrinopurulent  exudate  which  overlies  a  layer  of  granidation  tissue. 
The  cavity  contains  about  300  cc.  of  very  foul  pus.  Left  lung.— The  whole  lung 
can  be  inflated  artificially  and  on  section  is  found  to  be  air-containing  every- 
where with  the  exception  of  a  few  areas  in  the  lower  posterior  portion  of 
the  upper  lobe  and  a  few  in  the  lower  lobe.  These  are  grouped  together, 
two  and  three  being  found  in  each  lobtile.  They  have  a  central  lumen  which 
is  filled  with  a  yellow  purulent  fluid,  and  are  siirfounded  by  a  hemorrhagic 
zone.  The  bronchi  contain  a  sticky  mucoid  material,  and  the  mucosa  is  hem- 
orrhagic. The  interlobular  septa  are  not  thickened.  Bronchial  glands  only 
slightly  enlarged.  Right  lung. — Completely  collapsed  and  pressed  against  the 
vertebral  colunm.  It  is  densely  adherent  to  the  diaphragm  by  fibrous  ad- 
hesions. Over  the  anterior  surface  of  the  upper  lobe  is  a  large  necrotic  area, 
irregular  in  form  and  measuring  8  by  6  cm.  which  is  covered  by  dirty,  foul 
smelling,  greenish  yellow  exudate.  On  section  this  mass  replaces  about  half 
the  upper  lobe.  Its  central  part  is  softened,  very  foul,  and  yellowish  green  in 
color,  and  this  condition  radiates  out  into  the  surrounding  lung  substance.  The 
rest  of  the  upper  lobe  is  airless,  dark  grey,  and  rather  granular  in  appearance. 
There  are  ntunerous  thickened  edematous  interlobular  septa,  and  in  the  lobules 
80  outlined  the  branches  of  the  small  bronchi  filled  with  yellow  exudate  are  promi- 
nent. One  such  group  in  the  posterior  part  of  the  lobe  is  surrounded  by  a  hemor- 
rhagic zone.  The  lower  lobe  is  also  heavy,  airless,  and  flabby.  In  the  posterior 
part  there  are  several  lobules  which  are  pale  grey  and  qmte  airless,  in  which  there 
are  peribronchial  nodules.  These  lobules  are  sharply  outlined  by  the  inter- 
lobular septa.  Pericardium. — Contains  30  cc.  of  turbid  fluid  with  floating 
shreds  of  fibrin.  The  pericardial  surfaces  are,  however,  still  glossy.  Heart  is 
normal. 

Culture  from  the  blood  gave  a  Gram-positive  streptococcus,  but  this  was 
overgrown  by  putrefactive  bacilli. 

Microscopic  Examination. — ^The  pleura  over  the  right  lung  is  extremely  thick 
and  dense  with  radially  placed  blood  vessels  and  an  overl3ring  layer  of  fibrin 
on  the  surface  of  which  are  great  quantities  of  bacteria. 

Most  of  the  sections  show  wide  and  rather  dense  interlobular  septa  running 
into  the  lung  substance.  Most  of  the  fibrin  and  fluid  in  these  are  absorbed 
and  only  remnants  of  dense  red-staining  fibrin  remain.    The  lymphatics  are 
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hard  to  find,  but  where  they  can  be  outlined  they  are  distended  with  a  mass  of 
new  connective  tissue  infiltrated  with  cells.  Evidently  the  thrombi  with  abun- 
dant leucocytes  and  bacteria  have  in  this  case  been  organized  in  the  same  way 
as  the  contents  of  the  alveoli  and  replaced  by  connective  tissue.  The  septa 
themselves  are  composed  of  rather  dense  fibrous  tissue  with  many  wandering 
cells. 

The  bronchi  retain  their  epitheliiun  and  are  filled  with  leucoc3rtes  in  most 
cases,  but  their  walls  are  greatly  thickened  and  have  the  appearance  of  a  layer  of 
granulation  tissue  with  abimdant  wide  blood  vessels  running  radially.  They  are 
densely  infiltrated  with  wandering  mononuclear  cells.  The  alveolar  walls  are 
similarly  thickened.  Over  large  areas  they  are  quite  collapsed.  In  others  they 
contain  dense  fibrin  which  is  often  in  an  advanced  stage  of  organization.  Most 
of  them  contain  fluid  and  abundant  desquamated  epithelial  cells.  There  are 
areas  too  in  which  these  changes  are  not  developed  but  in  which  the  bronchi  and 
alveolar  walls  remain  thin  and  the  alveoli  are  filled  with  fluid  and  with  poly- 
morphonuclear leucocytes. 

In  the  districts  in  which  the  alveoli  and  bronchi  are  most  thickened  there 
are  large  irregular  abscesses  which  send  off  long  prolongations  and  are  marked 
out  by  a  dense  wall  of  fibrin  with  fragmented  nuclei.  Within  these  walls  the 
whole  substance  of  the  limg  has  been  broken  down,  shreds  of  elastic  tissue  remain, 
but  the  rest  is  seen  in  the  form  of  a  necrotic  debris  with  great  numbers  of  bac- 
teria. It  is  not  possible  to  maintain  in  this  case  that  the  formation  of  such  an 
abscess  occurs  only  in  an  area  of  lobular  pneumonia;  on  the  other  hand  the 
areas  of  leucocytic  exudate  show  none  of  the  abscesses. 

One  receives  the  impression  that  this  is  a  protracted  case  of  interstitial  bron- 
chopneumonia lengthened  in  its  course  by  the  persistence  of  the  empyema  and 
that  in  some  senses  an  advance  toward  healing  has  occurred,  especially  in  the 
organization  of  the  exudate  in  alveoli  and  lymphatics.  But  the  occurrence  of 
large  abscesses  has  interfered  with  the  completion  of  this  process.  The  whole 
arrangement  of  the  lymphatics  must  be  greatly  altered  by  such  a  process,  and  if 
recovery  had  occurred  new  lymphatics  must  have  been  required. 

Case  176, — A.  G.,  age  24  jrrs.  Began  on  Mar.  25,  1918,  with  measles.  On 
Apr.  6  complained  of  pain  in  the  right  side,  and  physical  examination  on 
Apr.  10  resulted  in  the  diagnosis  of  lobar  pneumonia  involving  the  right  lower 
and  middle  lobes.  On  Apr.  11  empyema  was  recognized  on  the  right  side  and  an 
operation  was  performed  with  resection  of  the  9th  rib  and  drainage  of  the  pleural 
cavity.  Died  May  9,  1918,  at  6  a.m.  The  clinical  diagnosis  at  the  time  of 
death  was  lobar  pneumonia,  the  right  lower  lobe  resolving.  Bronchopneumonia 
Oeft);  bilateral  empyema.  Acute  pericarditis  and  myocarditis.  Culture  from 
the  blood  on  Apr.  28  was  sterile.  On  Apr.  11  culture  from  the  pleural  exudate 
gave  Streptococcus  hamolyticus.    Autopsy  May  9, 1918,  at  11  a.m. 
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Anatomical  Diagnosis:  Clinical  history  of  measles.  Ldtmlar  pneumonia  {righi) 
wUh  old  empyema.  Fresh  fibrinopurulent  pleurilis  (left).  Subacute  purulent  peri-- 
carditis  with  adhesions.  Acute  serofibrinous  peritonitis.  Phlegmonous  infiltration 
of  neck. 

Left  pleural  camty. — Contains  500  cc.  of  thick  turbid,  slightly  blood-stained 
brownish  fluid.  The  costal  pleura  is  covered  with  yellow  fibrin  which  over- 
lies a  velvety  red  pleural  membrane.  The  limg  is  plastered  against  the  peri- 
cardium and  is  adherent  along  the  vertebral  column  to  its  apex.  Otherwise 
it  is  everywhere  free,  but  the  fibrin  is  especially  thick  between  the  lung  and  dia- 
phragm. Right  pleural  cavity. — ^In  the  right  back  3  cm.  below  the  angle  of  the 
scapula  there  is  a  wound  about  7  cm.  long  rising  in  an  oblique  direction  along 
the  line  of  the  9th  rib.  The  ends  of  the  rib  project  through  the  granulating 
woimd.  The  pleural  cavity  is  free  from  adhesions  anteriorly  from  apex  to 
diaphragm,  back  to  the  midaxillary  line  where  it  is  obliterated  above  the  6th 
rib  by  adhesions,  and  below  that  level  opens  out  into  a  large  cavity  which  extends 
back  to  the  vertebral  column.  This  space  is  lined  with  granulation  tissue  and 
fibrin  and  into  it  the  wound  in  the  back  opens.  Pericardial  sac. — Greatly  thickened. 
The  anterior  wall  is  fully  6  mm.  in  thickness  and  is  lined  with  a  layer  of  trans- 
lucent tissue  about  4  mm.  thick  which  contains  opacities.  The  cavity  b  partially 
obliterated,  but  the  remaining  space  contains  about  40  cc.  of  thick  creamy  pus 
which  is  pale  greenish  yeUow  in  color  and  contains  thick  dun^  of  yellow  fibrinous 
material  Peritoneal  surfaces. — Have  lost  their  gloss  to  some  extent  and  there  is 
some  turbid  fluid  with  flakes  of  fibrin  in  various  dependent  parts.  Left  lung. — 
Almost  entirely  collapsed  and  blue  and  flabby.  The  whole  lung  can  be  inflated 
and  on  section  presents  a  normal  texture  without  consolidation  and  with  prac- 
tically normal  bronchi.  There  is  a  small  part  of  the  lower  lobe  posteriorly  which 
fails  to  become  inflated.  Right  lung. — ^The  surface  is  changed  in  appearance  by 
the  alterations  of  the  pleura  already  described.  The  bronchial  glands  are  en- 
larged and  opaque  grey  in  color.  The  ui^>er  lobe  contains  air  throughout; 
it  is  normal  in  texture  and  there  are  no  areas  of  consolidation.  The  middle  lobe 
is  partly  atelectatic  but  nowhere  consolidated.  The  lower  lobe  contains  air  in 
its  upper  part,  but  the  lower  part  is  collapsed.  In  this  collapsed  part  there  is  a 
group  of  small  areas  of  consolidation  which  are  grey  on  a  greyish  red  background, 
more  or  less  confluent  and  irregular  in  outline.  They  seem  not  distinctly  peri- 
bronchial, but  to  consist  of  alveoli  filled  with  exudate.  In  the  more  posterior 
part  of  the  lobe  there  are  even  more  distinct  grey  areas  of  consolidation  in  which 
plugs  of  exudate  can  be  seen  in  each  alveolus.  The  bronchi  and.  blood  vessels 
are  not  thickened,  but  the  interlobular  septa  are  rather  prominent.  Tonsils, 
larynx,  and  pharynx. — ^Fairly  normal.  There  is  a  multilocular  abscess  in  the 
intermuscular  spaces  of  the  left  side  of  the  neck  extending  up  as  far  as  the  mas- 
toid with  which  it  has  no  apparent  connection  and  down  bdiind  the  clavicle  to 
the  pleura  with  which  it  does  not  communicate.    The  right  shoulder  joint  is  in- 
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tact,  but  the  abscess  extends  between  the  scapula  and  the  vertebral  ends  of  the 
upper  ribs  for  a  long  distance. 

Ctiltures  from  both  lungs,  left  pleura,  pericarditim,  and  from  the  abscess  in 
the  neck  gave  Streptococcus  hatnolyticus.  Culture  from  the  heart's  blood  was 
sterile. 

Microscopic  Examination. — ^The  substance  of  the  lower  lobe  of  the  right  lung 
presents  the  only  remarkable  change.  The  pleura  b  greatly  thickened  and  con- 
verted into  a  rather  dense  granulation  tissue  with  overlying  fibrin.  The  in- 
terlobular septa  are  extraordinarily  wide  and  rather  dense.  They  appear  to 
represent  old  changes.  The  Ijrmphatics  which  run  in  these  are  distended  with 
cells  which  are  partly  leucocytes,  partly  mononuclear  cells,  and  this  material  is 
loaded  with  Gram-positive  coed  which  are  far  more  numerous  here  than  else- 
where. They  are  usually  in  pairs  and  only  rarely  in  longer  chains.  The  bronchi 
are  slightly  thickened  and  their  waUs  moderately  infiltrated  with  cells  which  are 
in  part  polymorphonuclear  leucocytes.  They  contain  a  purulent  exudate  which 
is  full  of  streptococci.  No  influenza  bacilli  are  foimd.  The  alveolar  walls  are 
slightly  thickened,  in  many  places  not  at  all.  They  are  infiltrated  in  places  with 
leucoc3rtes,  but  near  the  blood  vessels  they  may  be  filled  with  mononuclear  cells. 
On  the  basis  of  this  rather  slight  interstitial  change  there  is  a  distinct  intra- 
ahreolaf  exudate  of  red  corpuscles,  leucocytes  in  great  numbers,  and  fibrin.  It 
constitutes  a  definite  lobular  pneumonia.  The  bacteria  are  present  among  the 
polymorphonuclear  leucocytes,  but  not  in  great  ntmibers  and  not  more  distinctly 
in  chains  than  elsewhere.  In  the  margin  or  tip  of  the  lower  lobe  there  is  a 
peculiar  change.  The  interstitial  tissue  is  greatly  increased  and  infiltrated  with 
leucocytes  and  fibrin.  The  alveoli  appear  as  rather  widely  separated  spaces  in 
this  tissue  and  either  have  no  lining  or  are  lined  with  thin  scale-like  epithelium. 
The  bronchioles  with  their  columnar  epithelitmi  similarly  appear  isolated  in  the 
dense  tissue. 

Sections  of  the  connective  tissue  and  muscle  about  the  abscess  of  the  neck 
show  great  numbers  of  streptococci  in  necrotic  tissue  and  in  the  crevices  of  a 
diffuse  granulation  tissue. 

Case  18L—E,  J.,  age  26  jrrs.  Began  Mar.  24,  1918,  with  bronchitis.  Onset 
rather  sudden  with  chills,  fever,  headache,  weakness,  and  general  malaise. 
Scattered  r&les  heard  over  lungs.  On  Mar.  31  subcrepitant  r&les  and  bronchial 
breathing  over  the  left  lower  lobe  posteriorly.  On  Apr.  1  a  small  area  of  con- 
solidation in  the  right  lower  lobe  in  the  axillary  line.  On  Apr.  16  no  definite 
signs  over  the  limgs.  Aspiration  of  right  axilla  negative.  Apr.  19,  suppurative 
otitis.  Crepitant  r&les  and  slightly  diminished  resonance  over  whole  right  side 
anteriorly.  Apr.  21,  impaired  breathing  over  right  lower  lobe.  Apr.  26,  200  cc. 
of  limpid  greenish  yellow  fluid  aspirated  from  right  upper  chest.  This  fluid 
contained  Streptococcus  hamolyticus  as  shown  by  culture.  Flatness  over  this 
region  next  day.  May  5,  aspirated  300  cc.  from  right  chest.  Culture  from 
pleiu^  fluid  on  May  10  gave  Streptococcus  hcsmolyticus.  Died  May  10, 1918,  at 
2.15  p.m.    Autopsy  May  11,  1918,  at  10  a.m. 
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Anatomical  Diagnosis:  Interstitial  bronchopneunumia  (bilateral)  toith  abscess  for^ 
motion  and  empyema  (righlf).    Lobular  pneumonia  (left). 

Left  pleural  cavity. — Contains  no  flmd.  Surfaces  smooth.  Right  pleural  cavity, 
— Contains  400  cc.  of  thick  greenish  mixture  of  fibrin  and  pus  which  will  hardly 
pour.  The  right  lung  is  plastered  against  the  pericardial  sac.  The  apical  part  of 
the  limg  is  adherent  along  the  3rd  rib  laterally,  but  otherwise  the  pleural  surfaces 
are  held  apart.  They  are  covered  with  a  thick  yellowish  shaggy  layer  of  fibrin. 
Left  lung, — ^The  limg  is  volmninous  with  smooth,  glistening  surfaces,  but  some 
small  nodtiles  can  be  felt  in  its  substance.  The  upper  lobe  is  easily  inflated  and  on 
section  is  normal  in  texture.  The  lower  lobe  is  also  easily  distended,  but  poste- 
riorly and  below  there  are  some  small  greyish  yellow  nodular  consolidations. 
Right  lung. — ^The  organ  is  collapsed,  pasty,  and  heavy,  and  one  may  palpate 
nodular  consolidations  in  its  substance.  On  section  there  is  foimd  a  cavity 
about  3  cm.  in  diameter  in  the  substance  of  the  upper  lobe  (Fig.  35).  This  ex- 
cavation is  full  of  purulent  material  and  is  in  open  commimication  with  a  large 
bronchus  whose  walls  it  has  abruptly  interrupted.  There  is  no  commimication 
with  the  pleural  space.  The  lung  tissue  surrounding  this  cavity  is  irr^;ularly 
consolidated.  The  interlobular  septa  are  conspicuous.  The  lower  lobe  shows  the 
bronchi  widely  dilated  to  the  periphery  and  filled  with  purulent  material.  About 
these  there  are  areas  of  consolidation  which  become  confluent  so  that  practically 
the  whole  posterior  part  of  the  lower  lobe  is  airless,  the  smooth  firm  areas  being 
separated  in  places  by  only  a  narrow  line  of  air-containing  tissue.  Pharynx  and 
larynx, — ^The  pharynx  is  not  especially  reddened.  The  lar3mx  including  epi- 
glottis and  vocal  cords  is  pale,  smooth,  and  normal  throughout.  The  mucosa  of 
the  trachea  is  pale. 

Ctiltures  made  at  autopsy  show  Streptococcus  hamolyticus  in  the  heart's  blood, 
both  lungs,  and  right  pleura. 

Microscopic  Examination,— The  left  lung  shows  a  thin  smooth  pleura.  The 
interlobular  septa  are  not  thickened  and  the  lymphatics  are  inconspicuous. 
There  is  a  widespread  filling  of  the  bronchioles  with  purulent  exudate.  The 
walls  are  moderately  thickened  and  hyperemic  and  infiltrated  with  mononuclear 
cells.  This  alteration  is  relatively  slight,  however,  and  the  corresponding  changes 
in  the  adjacent  alveolar  walls  are  also  very  slight.  Still  there  are  areas  about 
many  of  these  bronchi  in  which  the  alveoli  are  filled  with  thick  fluid,  with  blood, 
and  desquamated  epithelial  cells.  Most  of  the  bronchi  are  surrounded,  however, 
by  small  groups  of  alveoli  which  contain  a  dense  exudate  of  leucocytes  with  deli- 
cate network  of  fibrin  and  very  little  blood.  There  are  many  streptococci  among 
these  leucocytes,  and  numerous  influenza  bacilli. 

The  right  limg  shows  a  thick  pleura  covered  with  granulation  tissue  and 
fibrin.  The  interlobular  septa  and  indeed  all  the  connective  tissue  structures 
throughout  the  lung  are  enormously  thickened  and  rendered  dense  by  a  new 
growth  of  tissue. 

The  bronchi  are  greatly  distended  and  filled  with  a  solid  mass  of  leucoc3rtes. 
Their  walls  still  show  in  most  places  the  layer  of  epithelium,  but  some  of  them 


Digitized  by 


Google 


68  PNEUMONIA  IN  ARMY  CAMPS 

are  omipletely  denuded.  In  general  the  bronchial  walls  are  greatly  thickened 
and  converted  into  a  vascular  granulation  tissue  which  is  densely  infiltrated  with 
mononuclear  cells.  The  alveoli  are  practically  all  collapsed,  their  walls  greatly 
thickened  and  infiltrated,  but  there  is  not  much  beyond  a  few  alveolar  epithelial 
cells  in  their  cavities.  The  lymphatics  are  nowhere  conspicuous,  and  many  of 
them  have  probably  been  obliterated. 

This  case  exhibits,  therefore,  an  old  interstitial  bronchopneumonia  with  great 
dilatation  of  the  bronchi  and  induration  of  the  framework  of  the  lung,  with 
empyema  causing  a  collapse,  and  necrosis  and  cavity  formation  in  the  upper  lobe. 
All  this  affects  the  right  lung  while  the  left  lung  is  studded  with  patches  of 
lobular  pneumonia  in  a  tissue  in  which  there  are  traces  of  the  interstitial  process. 

Case  194, — ^J.  J.,  age  25  jrrs.  Negro.  Had  measles  on  May  3,  1918.  On  ad- 
mission. May  9,  rdles  at  both  bases.  Lobar  pneumonia  of  right  lower  lobe  recog- 
nized May  10, 1918.  May  13,  dulness  of  right  lower  lobe  with  r&les;  hoarseness. 
On  May  16  flmd  was  suspected  in  the  right  chest  and  peritonitis  was  also  diag- 
nosed. Right  lower  lobe  very  dull;  breath  soimds  distant.  Sputtun  on  May 
13  was  yellow,  mucopurulent,  and  contained  Gram-positive  coed  which  proved 
to  be  Staphylococcus  aureus  and  Streptococcus  hamolyticus.  Influenza  bacilli 
were  also  there.  Died  May  16,  1918,  at  1  p.m.  Autopsy  May  16,  1918,  2 
hours  after  death. 

Anatomical  Diagnosis:  Early  iniersHiial  bronchopneumonia  (leff),  with  lobular 
pneumonia.  Empyema  with  collapse  of  lung  {right).  Acute  fibrinopurulent  peri- 
tonitis.   Acute  splenic  tumor  with  hemorrhagic  infarctions.    Ulcerative  laryngitis. 

Peritoneum. — Contains  a  yellow  fluid  with  flakes  of  fibrin  which  is  plastered 
on  the  abdominal  organs.  The  pelvis  contains  a  purulent  fluid.  Left  pleural 
cavity. — Contains  no  excess  of  fluid,  but  the  surfaces  are  roiighened  by  a  fresh 
fibrinous  exudate.  Right  pleural  cavity. — ^This  side  contains  a  great  deal  (2.5 
liters)  of  turbid  flmd  much  of  which  is  imprisoned  in  a  space  between  the  limg, 
diaphragm,  and  pericardial  sac.  The  fluid  is  brownish  and  turbid  with  a  thick 
sediment.  Left  lung. — ^The  hmg  is  voluminous  (Fig.  36).  The  surfaces  are 
smooth  except  at  the  posterior  part  of  the  lower  lobe  where  the  pleura  is  deep 
piurplish  and  covers  an  area  which  is  firm  and  nodular.  The  upper  lobe  is  air- 
containing  throughout  and  normal  in  texture.  The  bronchi  are  not  altered. 
The  lower  lobe  is  thickly  studded  with  small  greyish  nodules  which  correspond 
with  the  terminations  of  the  bronchi  and  are  surrounded  by  bright  red  hemor- 
rhagic areas.  In  the  lower  posterior  part  of  the  lobe  there  are  confluent  hemor- 
rhages within  which  there  are  several  dry,  opaque,  dull  red  patches  which  stand 
up  a  little  above  the  surface.  The  bronchi  are  widened  a  little  and  contain  a 
bloody,  frothy,  grey  exudate.  Their  walls  are  deeply  congested.  The  bronchial 
glands  are  greatly  enlarged,  edematous,  and  grey.  Right  lung. — ^The  right  lung 
is  collapsed  into  a  wrinkled  soft  mass.  The  lobes  are  somewhat  adherent,  and 
on  pulling  them  apart  small  cavities  in  the  fibrin,  containing  green  pus,  are  torn 
open.    The  limg  can  be  artificially  inflated  and  then  on  section  the  whole  lung 
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is  found  to  be  air-containing.  The  cut  surface  is  smooth  and  satiny.  The 
bronchi  are  reddened  and  contain  only  frothy  fluid.  The  bronchial  glands  are 
large.  Pharynx  and  larynx. — ^Tonsils  not  enlarged.  Epiglottis  is  pale.  The 
vocal  cords  are  distinctly  ulcerated  along  their  edges,  but  the  rest  of  the  lar3mx 
seems  normal.  Spleen, — ^Enlarged,  measuring  16.5  by  12.5  by  5  cm.  It  is 
irregular  in  consistency  and  on  section  there  are  dark  red,  dry  looking  areas 
which  are  firmer  than  the  rest  and  extend  deep  into  the  spleen.  It  is  impossible 
to  make  out  any  plugs  in  the  vessels;  in  fact  liquid  blood  can  be  squeezed  from 
the  vessels  in  the  centers  of  these  areas.  The  Malpighian  bodies  are  pretty  weU 
seen  throughout  the  cut  surface. 

Ctiltures  made  at  autopsy  showed  Streptococcus  futmolyticus  in  the  heart's 
blood,  right  and  left  lung,  right  pleura,  and  peritoneum.  The  streptococci  were 
mixed  with  many  other  organisms  in  the  smear  from  the  ulcer  of  the  vocal  cord. 
The  right  lung  gave  also  Staphylococcus  aureus. 

Microscopic  Examination. — ^The  diaphragm  shows  an  exudate  of  fibrin  and 
leucocytes  on  both  sides.  That  on  the  pleural  surface  is  dense  and  compact 
while  that  on  the  peritoneal  side  is  very  loose.  The  absorbent  lymphatics  in 
the  peritoneal  surface  are  packed  with  leucocytes  and  such  dense  thrombi  can 
be  tracked  into  the  larger  lymphatics  which  extend  to  the  pleural  surface.  It 
seems  probable  that  the  infection  is  transmitted  from  pleura  to  peritonetun  by 
way  of  the  lymphatics  against  the  ordinary  course  of  their  stream  which  be- 
comes possible  when  they  are  thus  obstructed  by  a  thrombus  in  which  the  bac- 
teria are  growing.  It  is  analogous  to  the  condition  in  the  lung  which  leads  to 
empyema. 

In  the  left  limg  most  of  the  tissue  is  properly  air-containing,  but  there  are 
scattered  bronchi  which  contain  purulent  or  bloody  exudate  whose  walls  are 
thickened  and  infiltrated.  They  are  surrounded  by  a  group  of  alveoli  whose 
walls  are  similarly  infiltrated,  while  their  cavities  are  filled  with  leucocytes  or 
desquamated  epithelial  cells.  They  together  with  the  adjacent  alveoli  contain  a 
great  quantity  of  blood.  Some  of  these  patches  are  overwhelmingly  filled  with 
blood  so  that  it  is  difficult  to  see  ai^hiog  else,  while  others  have  the  alveoli 
filled  entirely  with  polymorphonuclear  leucocytes.  The  latter  places  are  loaded 
with  streptococci  which  are  much  more  numerous  there  than  in  the  more  intensely 
hemorrhagic  patches.  There  are  also  some  rather  large  Gram-positive  bacilH 
in  the  affected  parts  of  the  tissue  and  these  are  found  in  numbers  in  the  hemor- 
rhagic areas.  The  dull  red  dry  patch  in  the  lower  part  of  the  lobe  is  foimd  on 
section  to  be  in  large  part  necrotic.  The  nuclei  of  the  alveolar  walls  no  longer 
stain,  but  the  walls  are  yet  traceable  through  the  solid  mass  of  blood.  The  cap- 
illaries can  be  seen  to  be  much  distended.  The  bronchi  are  widened  and  thick- 
ened by  infiltration  and  contain  streptococci,  although  there  are  not  many 
organisms  in  the  hemorrhagic  tissue.  The  blood  vessels  contain  dense  clots,  but 
they  have  not  definitely  the  architecture  of  thrombi.  All  the  alveoli  in  this 
neighborhood  contain  some  leucocytes,  but  there  are  regions  in  which  their  cavi- 
ties are  closely  packed  with  leucocytes  among  which  streptococci  are  foimd. 
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The  right  lung  shows  practically  no  alteration  of  the  tissue.  The  bronchi  are 
thin  walled  and  not  infiltrated.  The  pleura  is,  however,  thickened  by  the  for- 
mation of  a  granulation  tissue  and  the  section  shows  one  of  the  interlobar  en- 
capsulated pockets  which  is  lined  with  a  thickened  pleura  and  fibrin  in  the  same 
way.  The  immediately  adjacent  tissue  is  still  collapsed  and  perhaps  somewhat 
indurated. 

Case  205. — H.  W.,  age  29  jrrs.  Negro.  Began  on  May  4,  1918,  with  measles. 
Later  was  transferred  to  pneumonia  ward  with  signs  of  bronchopneumonia  in- 
volving both  lungs  on  May  7,  1918.  Sputum  contained  Streptococcus  fuBtnolyticus 
and  influenza  bacillus.  Blood  culture  on  May  8  was  sterile.  On  May  15  otitis 
media  developed  in  both  ears  and  the  patient  became  very  deaf.  Died  May  20, 
1918,  at  5.50  p.m.    Autopsy  May  21,  1918. 

Anaiomical  Diagnosis:  ItUersiilial  bronchopneumonia  and  lobular  pneumonia 
{bilaleral).  Empyema  (right).  Bilateral  symmetrical  rupture  of  rectus  abdominis. 
Suppurative  otitis  media  (bilateral). 

On  incision  through  the  anterior  abdominal  wall  a  cavity  is  foimd  in  the  rectus 
abdominis  at  the  junction  of  the  lower  and  middle  third  of  the  muscle.  This  is 
due  to  a  rupture  of  the  muscle  which  leaves  a  space  4  cm.  in  diameter  filled  with  a 
bloody  fluid.  There  is  a  similar  hemorrhagic  cavity  in  the  opposite  muscle  at 
exactly  the  same  level  (Fig.  37).  On  section  the  ends  of  the  muscle  are  deeply  in- 
filtrated with  blood  and  are  dark  red  and  opaque.  The  lower  fragment  is  distinctly 
yellow.  The  hemorrhages  bulge  into  the  peritoneal  cavity  and  fluctuate,  but  there 
is  no  excess  of  fluid  in  that  cavity  nor  any  hemorrhage,  and  the  peritoneal  surface 
of  the  bulging  masses  is  smooth.  Left  pleural  cavity, — Contains  no  excess  of  fluid. 
The  surfaces  are  smooth.  Right  pleural  cavity. — ^The  cavity  contains  400  cc.  of 
turbid  brownish  flmd  in  which  float  flakes  of  fibrin.  The  surface  of  the  limg  is 
gelatinous  and  covered  thickly  with  slimy  patches  of  fibrin.  There  are  a  few  small 
hemorrhages.  Left  lung. — ^The  lung  is  voluminous  and  appears  to  contain  some 
air  everywhere.  It  is  readily  inflated  artificially.  On  section  the  upper  lobe  is 
found  to  contain  numerous  small  nodular  areas  of  grey  consolidation  not  especially 
surrounded  by  hemorrhage  but  apparently  surroimding  the  terminal  parts  of  the 
bronchi.  They  measure  2  to  6  mm.  in  diameter  and  become  more  numerous  in  the 
posterior  part  of  the  lobe.  They  are  nowhere  confluent.  In  the  lower  lobe  the 
same  condition  exists  and  the  nodules  are  extremely  numerous  in  the  posterior 
part  of  the  lobe  (Fig.  38).  Right  htng. — ^The  limg  is  heavy  and  pasty  and  dark 
reddish  purple  in  color.  The  bronchial  glands  at  the  hilum  are  very  much  en- 
larged. The  pletiral  surface  is  roughened  by  fibrin.  The  anterior  portions  of  the 
upper  and  middle  lobes  are  air-containing.  The  posterior  portions  and  the 
lower  lobe  are  collapsed.  On  section  the  whole  limg  is  thickly  studded  with 
grey  peribronchial  nodtiles  becoming  more  abimdant  in  the  posterior  parts. 
The  interlobular  septa  are  prominent,  marking  out  the  lobtiles,  and  each  lobule 
contains  several  nodules.  There  is  in  the  lower  lobe  a  large  wedge-shaped 
area    running   back    to   the  posterior  border  in  which  the  nodules  are  not 
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surrounded  by  air-containing  tissue  but  are  broad  and  confluent  forming  a 
grejdsh  red  area  in  which  more  opaque  yellow  patches  are  visible  (Fig.  39).  The 
bronchi  are  dilated  and  their  mucosa  is  reddened.  Pharynx  and  larynx. — ^The 
posterior  nares  and  pluuynz  are  reddened.  The  tonsils  are  normal.  The  vocal 
cords  are  rather  deeply  ulcerated  throughout  most  of  their  length.  The  mucosa 
of  the  trachea  is  reddened.  Middle  ear, — On  exposing  the  cavities  both  middle 
ears  are  found  to  be  filled  with  pus. 

Cultures  at  autopsy  showed  Streptococcus  hamolyticus  in  the  heart's  blood, 
both  lungs,  and  right  pleura,  also  in  the  right  middle  ear,  but  the  bloody  fluid 
tem  the  ruptiured  rectus  abdominis  gave  no  growth. 

Microscopic  ExaminaHon. — ^The  conditions  found  throughout  the  two  limgs 
are  about  the  same. 

The  pleura  is  thick  on  the  right  side  and  covered  with  rather  homogeneous 
fibrin.  The  interlobular  septa  are  as  a  rule  not  very  conspicuous,  but  some  of 
them  contain  large  lymphatics  distended  with  a  mass  of  leucocytes  which  are 
usually  almost  necrotic  and  disintegrated  into  a  poorly  staining  debris. 

The  bronchi  are  filled  with  a  similar  mass  of  granular  and  fragmented  leuco- 
cytes containing  streptococci  and  influenza  bacilli.  The  walls  are  greatly 
thickened,  hyperemic,  and  densely  infiltrated  with  mononuclear  cells.  In  most 
places  the  epithelium  has  been  destroyed  and  a  necrotic  layer  forms  the  lining. 
The  surrounding  tissue  is  edematous,  but  the  nearby  alveoli  are  filled  with 
desquamated  epithelial  cells,  mononuclear  wandering  cells,  blood,  and  leucocytes. 
In  places  the  leucoc3rtes  predominate  and  produce  patches  of  what  would  be 
recognized  as  a  lobular  exudative  pneumonia.  Here,  too,  the  leucocytes  are 
much  disintegrated.  But  in  most  places  this  exudative  type  is  not  found  and 
the  lesion  is  essentially  that  so  often  described  as  interstitial  bronchopneumonia. 
The  thickening  of  the  alveolar  walls  is  relatively  slight,  but  the  lining  epithelium 
tends  to  be  cubical  and  is  evidently  in  proliferation. 

The  rectus  abdominis  muscle  shows  a  mass  of  blood  clot  in  contact  with  the 
ruptured  end  where  necrotic  hyaline  muscle  tissue  alone  is  found.  All  through 
the  muscle,  however,  in  diminishing  degree  as  one  passes  away  from  the  point  of 
the  rupture  there  are  extreme  alterations  which  consist  in  the  conversion  of  the 
muscle  fibers  into  hyaline  material.  This  looks  like  an  old  process.  Each 
clump  is  surrounded  by  a  mass  of  nuclei  which  are  probably  sarcolemma  nuclei 
which  have  been  concentrated.  In  places  these  look  like  wandering  cells,  but 
they  are  fairly  well  limited  to  the  surrounding  sheath  of  each  hyaline  clump. 
A  separate  and  more  detailed  study  of  these  muscular  changes  must  be  made. 

This  group  of  cases  is  not  sharply  distinguished  from  the  preced- 
ing, since  many  of  those  showed  a  few  foci  of  lobular  pneumonia,  but 
it  is  separated  because  it  is  desired  to  show  that  this  combination  is 
possible  in  an  advanced  degree.  It  may  possibly  represent  a  stage  in 
the  whole  process  at  which  the  limg  which  is  the  seat  of  a  lesion  in  the 
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production  of  which  the  tissues  have  evinced  a  marked  power  of  re- 
sistance finally  fails  so  that  the  organisms  invade  more  readily.  But 
not  much  stress  can  be  laid  upon  this  suggestion  since  these  lesions 
seem  to  develop  side  by  side  in  some  cases  of  brief  duration. 

Dr.  Allen  Krause  has  suggested  that  in  a  person  already  tubercu- 
lous the  sudden  appearance  of  a  tuberculous  pneimionia  is  probably 
due  to  hypersensitization  of  the  individual  by  the  old  tuberculosis, 
so  that  the  introduction  of  bacteria  into  a  fresh  bronchus  results  in 
pneimionic  infiltration  in  a  way  that  could  not  happen  in  a  normal 
non-sensitized  person.  It  seems  possible  that  this  suggestion  might 
be  transferred  to  the  case  of  this  combined  form  of  streptococcal 
pneimionia.  We  have  observed  the  anatomical  diflference  between 
the  lesions  and  especially  the  type  of  distribution  of  bacteria  in  the 
two  forms  and  have  foimd  that  in  a  lung  in  which  in  general  the 
streptococci  are  limited  to  bronchi  and  lymphatics  there  suddenly 
appear  patches  in  which  the  alveoli  are  filled  with  bacteria  and  with 
leucocytes  which  tend  to  act  toward  them  as  phagoc3rtes.  We  have 
spoken  of  this  as  a  final  failure  of  resistance — possibly  the  failure  of 
resistance  has  through  the  action  of  the  poison  of  the  original 
infection  become  an  actual  welcome  to  the  invaders. 

In  Cases  181,  205,  and  29  there  were  influenza  bacilli  in  the  bron- 
chial exudate.  These  must  be  looked  upon  as  possible  participants 
in  the  production  of  the  interstitial  changes.  Indeed,  except  for  the 
occurrence  of  advanced  lesions  of  this  type  in  cases  in  which  the 
streptococcus  is  present  alone  (Nos.  34,  41,  178,  and  184),  it  would 
be  difi&cult  to  insist  that  the  influenza  bacillus  is  not  regularly  the 
cause  of  the  interstitial  changes. 

In  its  gross  appearance  such  a  lung  resembles  closely  those  just 
described.  Nevertheless  one  may  recognize  here  and  there  on  the 
cut  surface  irregularly  outlined  areas  which  are  solid,  dull  and 
opaque,  and  rather  dry  looking,  grey  or  greyish  red,  and  generally 
accompanied  by  a  wide  zone  of  hemorrhage.  Such  areas  can  be 
seen  in  the  lungs  of  Cases  194,  184,  178,  and  others. 

On  microscopic  examination  these  prove  to  be  areas  in  which  the 
interstitial  changes  described  before  which  lead  to  the  thickening  of 
the  alveolar  walls  are  absent.  Thickened  bronchi  and  widened  inter- 
lobular septa  may  pass  nearby,  but  in  these  areas  the  alveoli  are  thin 
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walled  and  widely  distended  or  packed  with  an  exudate  which  is 
composed  chiefly  of  polymorphonuclear  leucocytes  in  a  delicate  net- 
work of  fibrin.  Blood  corpuscles  are  present  in  small  niunbers  and 
in  far  greater  niunbers  in  the  adjoining  or  marginal  alveoli.  The 
most  interesting  feature  is  foimd  in  the  distribution  of  the  strepto- 
cocci which  are  present  in  great  nimibers  all  through  the  exudate, 
usually  in  pairs  or  short  chains  or  even  singly.  They  lie  everj^where 
among  the  leucocytes,  often  within  some  of  the  cells  which  have 
acted  as  phagocytes,  but  usually  free.  It  is  noteworthy  that  in  most 
of  these  cases  the  leucocytes  forming  the  exudate  in  the  alveoli  show 
signs  of  disintegration.  In  places  their  nuclei  stain  indefinitely  or 
are  fragmented  and  the  outlines  of  the  cells  have  become  extremely 
indistinct.  In  some  cases,  as  in  No.  194,  there  are  areas  of  necrosis 
involving  the  alveolar  walls  and  surrounded  by  hemorrhage. 

Other  areas  of  lobular  consolidation  containing  the  streptococci 
in  niunbers  are  surrounded  by  zones  of  edema  in  which  the  alveoli 
contain  only  fluid  in  which  float  a  few  chains  of  streptococci. 

These  cases  show  also  peculiarly  well  the  lesions  of  the  interstitial 
bronchopneumonia,  sometimes  very  fresh  as  in  Cases  178  and  184, 
sometimes  old  as  in  Cases  29,  58,  and  181.  In  the  last  of  these.  No. 
181,  there  is  extensive  bronchiectasis  in  the  lower  lobe  and  a  cavity 
in  communication  with  a  bronchus  in  the  upper  lobe  of  one  lung, 
while  the  opposite  limg  is  studded  with  foci  of  lobular  pneiunonia 
together  with  the  fresher  stages  of  the  interstitial  change  in  the 
bronchi. 

Such  lobular  lesions  appear,  however,  in  their  most  destructive 
form  in  the  third  group  of  cases  in  which  they  are  not  combined  with 
the  interstitial  changes. 

J.  Lobular  Pneumonia. 

Case  20.— J.  C,  age  22  yrs.  Entered  hospital  Jan.  28,  1918,  complaining  of 
headache,  rash,  and  pain  in  the  eyes.  Symptoms  of  8  hours  duration.  Very 
faint  papular  rash  on  chest,  arms,  and  face.  Conjunctivse  injected,  pharynx 
red,  Eoplik's  spots  present.  No  dulness,  but  fine  moist  r^es  throughout  both 
lungs.  Temperature  101-106**  F.,  pulse  100-140,  resphration  20-50.  Died  Feb. 
4.    Autopsy  2  hours  later. 


Digitized  by 


Google 


74  PNEUMONIA  IN  ARMY  CAMPS 

Anatomical  Diagnosis:  Confluent  Ichtdar  pneumonia  with  abscess  formation. 
Hemorrhagic  serofibrinous  pleurUis.  Hemorrhagic  lobular  pneumonia  (left  lung). 
Left  pleural  cavity. — Contains  no  excess  of  fluid  and  the  surfaces  are  smooth 
and  £^tening.  Right  pleural  cavity. — Contains  about  1,500  cc.  of  turbid  greenish 
fluid  with  some  floating  fibrin.  The  surface  of  the  right  lung  is  red  and  dull 
looking,  and  this  appearance  seen  also  on  the  parietal  pleura  is  due  to  intense 
injection  of  the  blood  vessels  and  minute  hemorrhages.  There  is  very  little  de- 
posit of  fibrin.  The  lung  is  much  collapsed  but  floats  upon  the  surface  of  the 
fluid.  Left  lung. — ^Very  volimiinous  with  smooth  surface  but  mottled  posteriorly 
with  dark  red  platelets.  It  is  somewhat  collapsed.  The  anterior  portion  is 
air-containing,  the  posterior  portion  thickly  studded  with  slightly  elevated  dry 
hemorrhagic  patches  from  2  to  5  mm.  in  diameter.  In  these  areas  there  is  no 
very  definite  consolidation,  there  is  no  yellow  opacity  nor  any  solid  nodule,  nor 
can  distinct  alveolar  plugs  of  exudate  be  seen.  Bronchi  are  not  definitely  seen 
in  the  centers.  Right  hmg  (Fig.  40). — ^Adherent  to  a  slight  degree.  It  is  al- 
most entirely  collapsed.  In  the  posterior  part  of  the  lower  lobe  there  is  a  large 
solid  mass  about  8  cm.  in  diameter,  which  is  seen  through  the  pleura  to  be  purplish 
black  in  color.  There  are  a  few  small  rounded  or  branched  opaque  yeUow  areas 
which  shine  through.  On  section  the  lung  is  very  deep  red  throughout,  but  the 
firm  area  in  the  lower  lobe  is  almost  black  and  a  quantity  of  turbid  bloody  fluid 
exudes  from  it.  In  the  upper  lobe  which  is  fairly  easily  insufflated  there  are 
many  small  irregular  patches  of  grey  consolidation  in  which  each  alveolus  con- 
tains a  plug  of  exudate.  These  are  dull  brownish  grey,  dry,  and  hemorrhagic. 
In  the  lower  lobe  there  are  many  confluent  areas  of  this  sort  often  showing  cen- 
tral bronchioles.  They  are  greyish  red  and  the  intervening  lung  is  hemorrhagic 
and  solid.  Each  blood  vessel  is  sheathed  in  a  great  wide  mantle  of  yellowish 
white  suggesting  distension  of  the  adventitial  lymphatics  with  purulent  exudate. 
Toward  the  lower  margin  such  beaded  yellow  strands  run  out  in  the  interlobular 
septa  to  the  pleura  where  they  spread  out  as  yeUow  networks  immediately  under 
the  surface.  Some  are  quite  large  and  in  the  depth  of  the  lung  show  softened 
centers  like  abscesses.  There  is  no  fibrinous  exudate  on  the  surface.  Bronchial 
glands  slightly  enlarged  with  some  pigmentation. 

Microscopic  Examination. — ^The  left  limg  shows  early  hemorrhagic  patches.  In 
these  the  central  bronchiole  and  the  adjacent  alveoli  contain  streptococci  in  long 
chains  and  in  great  numbers.  There  is  a  fresh  exudate  of  leucocytes  with  abun- 
dant red  corpuscles  but  little  fibrin.  This  intensely  hemorrhagic  exudate  with 
few  leucocytes  and  little  fibrin  is  characteristic  of  all  the  patches. 

The  right  lung  shows  much  edema  and  a  leucocytic  exudate  in  the  alveoli. 
The  l3anphatics  are  distended  with  exudate  and  here  and  elsewhere  there  are 
myriads  of  streptococci.  In  places  there  are  actual  abscesses  into  which  the 
alveolar  walls  project  and  end  abruptly.  These  abscesses  are  loaded  with  strep- 
tococci. The  bronchial  and  blood  vessel  walls  are  infiltrated  with  leucocytes 
and  some  mononuclear  cells.    The  lower  lobe  of  the  right  lung  shows  large 
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areas  in  which  the  alveolar  walls  are  necrotic  and  their  cavities  filled  with  necrotic 
material  which  is  loaded  with  streptococci  in  long  chains.  All  the  surrounding 
alveoli  are  packed  with  red  corpuscles  with  rather  few  leucocytes  and  little 
fibrin.  The  bronchi  in  the  neighborhood  are  also  fuU  of  leucocytes  and  bacteria, 
their  walls  are  infiltrated  with  mononuclears  and  leucocytes,  and  markedly  thick- 
ened. The  lymphatics  are  distended  with  exudate.  Streptococci  are  present 
everywhere  in  pure  culture  and  are  in  long  chains  of  20  to  30  elements.  They 
have  about  them  a  pink-staining  material  which  is  ragged  and  irregular  in  out- 
line, like  adhering  albuminous  material.  Where  there  is  much  fibrin  there 
are  no  organisms;  on  the  contrary  they  are  especially  numerous  in  the  necrotic 
areas. 

Cultures  from  right  and  left  lung  show  Streptococcus  hctmolyticus. 

The  impression  gained  from  this  case  is  that  the  individual  offered  no  re- 
sistance to  the  virulent  infection,  so  that  while  in  the  left  lung  there  are  patches 
of  lobular  pneumonia  in  its  early  stages,  the  right  shows  extensive  areas  of  necrosis 
with  hemorrhage  and  little  reaction. 

Case  26. — ^D.  C.  H.,  age  21  yrs.  Began  Jan.  20, 1918,  with  photophobia,  sore 
throat,  fever,  and  headache.  Entered  hospital  Jan.  25  with  conjunctivitis,  red- 
dened throat,  Eopllk's  spots,  and  red  papular  rash  over  entire  body.  Jan.  30, 
developed  cough  and  profuse  expectoration;  r^es  over  entire  chest.  Temperature 
98-104*  F.,  pulse  70-150,  respiration  15-50.  On  Feb.  4  and  5  marked  dulness 
over  lower  left  chest.  Flatness  over  left  back  on  Feb.  6.  Abundant  r&les  every- 
where in  both  lungs.  Died  Feb.  7,  5.30  a.m.  Cultures  from  sputum  showed 
Streptococcus  hcetnolyticus  in  almost  pure  state. 

Summary  of  Clinical  History. — (Dr.  R.  Cole.)  The  signs  were  those  of  diffuse 
pulmonary  involvement,  especially  at  the  left  base,  and  suggested  consolidation 
rather  than  fluid.  Breath  sounds  over  this  area  were  loud  and  tubular.  Whis- 
pered voice  sounds  well  transmitted  and  the  tactile  fremitus  well  felt.  The  per- 
cussion note  over  this  area  was  very  dull,  practically  flat.  The  presence  of  fluid 
was  suq)ected,  although  the  signs  were  not  definite.    Autopsy  Feb.  7, 10.45  a.m. 

Anatomical  Diagnosis:  Confluent  lobular  pneumonia.  Serofibrinous  pleuritis. 
Atelectasis  of  lung.    Pericardial  ecchymoses. 

Left  pleural  cavity. — Obliterated  anteriorly  by  fresh  fibrinous  adhesions,  but 
in  the  posterior  part  it  contains  1,200  cc.  of  turbid  greenish  fluid  with  shreds  of 
fibrin.  The  pleural  surfaces  are  covered  with  a  thick  shaggy  exudate  of  fibrin. 
Right  pleural  cavity. — Contains  no  excess  of  fluid,  but  the  surfaces  have  lost 
their  ^oss  and  are  roughened  by  a  very  thin  exudate  of  fibrin  in  patches.  Left 
^^  {Ph'  41)- — ^There  is  a  thick  pleural  exudate  of  fibrin,  the  underlying  pleura 
being  slightly  thickened.  The  lung  is  flabby  and  airless  except  in  the  anterior 
margin  of  the  lobes,  but  on  artificial  insufilation  only  the  superficial  portion 
of  the  lower  lobe  remains  collapsed.  There  are  some  patches  of  spongy  grey 
tissue  alternating  with  the  generally  red  lung  substance.  No  areas  of  actual 
consolidation  are  visible.    The  bronchi  seem  relatively  little  changed,  but 
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many  of  the  blood  vesseb  are  sheathed  in  thick  yellowish  white  mantles  which 
shine  through  the  overlying  tissue  and  appear  to  be  due  to  an  infiltration  of 
their  adventitia  or  the  distension  of  the  lymphatics  in  their  walls.  Bronchial 
glands  are  slightly  enlarged.  Right  lung. — ^Very  voliuninous  and  mottled  with 
alternating  emphysematous  and  collapsed  areas.  In  the  upper  lobe  there  is  an 
area  of  homogeneous  consolidation  with  alveoli  filled  with  exudate.  In  the  more 
posterior  part  of  this  lobe  there  are  several  small  grey  fod  about  1  mm.  in 
diameter  which  project  slightly.  So  too  in  the  middle  lobe  there  are  several 
areas  of  consolidation  involving  two  or  three  lobules.  Elsewhere  and  through- 
out the  lower  lobe  there  is  no  consolidation.  Pericardium, — ^There  are  many 
minute  hemorrhages  in  the  epicardium  and  in  the  parietal  pericardium.  The 
pericardial  sac  contains  about  50  cc.  of  fluid  which  is  not  turbid  but  contains 
floating  shreds  of  fibrin.    Pericardial  surfaces  are  glistening. 

Microscopic  Examination, — Section  through  the  right  lung  including  the  pleura 
and  the  margin  of  one  of  the  sharply  outlined  areas  of  consolidation  shows  that 
the  pleura  is  covered  with  fibrin  which  is  thickly  sprinkled  with  streptococci. 
The  interlobidar  septa  are  very  wide  and  edematous  and  enclose  a  network  of 
fibrin,  but  this  is  especially  true  of  the  deeper  portions  and  the  adventitia  of  the 
larger  vesseb.  The  bronchi  are  distinctly  but  slightly  thickened  and  infiltrated 
with  mononuclear  cells.  They  contain  polymorphonuclear  leucocytes.  The 
alveolar  walls  are  not  thickened  or  infiltrated.  In  some  areas  the  alveoli  con- 
tain coagulated  fluid  with  desquamated  epithelial  cells.  In  other  rather  sharply 
outlined  patches  they  contain  packed  leucocjrtes.  All  these  alveoli  are  found 
to  contain  great  numbers  of  streptococci  in  pairs  or  short  twisted  chains.  No 
other  bacteria  are  found.  There  is  practically  no  fibrin.  The  streptococci  are 
very  numerous  in  the  substance  of  the  pleura  and  in  the  lymphatics  there,  and 
can  be  traced  through  to  the  fibrinous  exudate. 

The  uniform  consolidation  of  certain  whole  lobules  is  much  like  that  in  lobar 
pneumonia.  Polymorphonuclear  leucocytes  are  densely  crowded  in  the  alveoli, 
but  there  is  little  fibrin  and  few  red  corpuscles.  The  alveolar  capillaries  have  a 
hyaline  appearance  as  though  the  corpuscles  had  fused. 

Sections  of  the  left  lung  show  the  very  thick  layer  of  granulation  tissue  cov- 
ered by  a  thick  layer  of  fibrin  which  represents  the  lining  of  the  empyema  cavity. 
From  this,  greatly  widened  interlobular  septa  run  into  the  lung  and  in  them  or 
nearby  there  are  enormous  lymphatics  distended  with  a  disintegrated  fibrino- 
piuiilent  material  loaded  with  streptococci. 

The  bronchial  walls  are  not  really  much  altered  in  this  lung.  Some  of  them 
are  slightly  thickened  and  contain  leucocytes  and  debris.  There  is  a  little 
infiltration  of  the  alveolar  walls  about  blood  vessels  and  bronchi  and  there  are 
areas  of  coUapse  with  hemorrhage  and  desquamation  of  epithelium.  But  the 
most  striking  feature  is  the  colossal  distension  of  the  lymphatics  and  it  is  around 
them  that  the  infiltration  and  thickening  of  the  alveolar  walls  are  greatest. 

Cultures  from  the  lung  showed  Streptococcus  hcemolyticus  in  both  cases. 
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Case  55.— O.  F.  D.,  age  22  yrs.  Had  measles  at  age  of  7.  On  Dec.  27,  1917, 
developed  measles  and  was  in  the  hospital  for  2  weeks.  Went  on  duty  Jan.  9, 
1918,  but  was  very  weak.  On  Jan.  11  was  brought  to  the  hospital  again  with  a 
stitch  in  his  left  side  and  dyspnea.  After  9  days  was  able  to  walk  about,  but  on 
Feb.  8  had  a  chill  with  severe  pain  in  his  left  side,  vomiting,  and  cough.  Dulness 
over  entire  left  side  with  flatness  behind  and  below  the  middle  of  the  scapula. 
Tubular  breathing  at  the  left  apex  becoming  distant  and  suppressed  at  the  base. 
Jaundice  and  cyanosis.  Aspiration  of  thorax  on  Feb.  15,  but  no  fluid  was  ob- 
tained. Flatness  over  whole  left  side  with  distant  tubular  breathing.  On  right 
side  resonance  somewhat  impaired  behind  but  good  anteriorly;  breath  sounds 
bronchovesicular  with  few  r^es.  On  Feb.  16,  640  cc.  of  slightly  turbid  straw- 
colored  fluid  were  withdrawn  from  the  left  chest  and  the  patient  was  sent  for 
operation  which  was  performed  on  Feb.  18  with  resection  of  a  rib.  Temperature 
became  normal  and  drainage  was  good,  but  from  about  Feb.  26  to  Mar.  7  when 
the  patient  died  the  drainage  had  decreased,  there  were  signs  of  septic  poisoning, 
and  the  temperature  was  irregular.    Cultures  from  the  drcidating  blood  on  Feb. 

11  and  15  were  negative.  The  sputum  contained  Streptococcus  hcsmolyticus  and 
B.  influenikB.  Fluid  a^irated  from  the  chest  on  Feb.  11  and  16  showed  Strep- 
tococcus hamolyticus  alone.    Autopsy  Mar.  7,  1918. 

Anatomical  Diagnosis:  Clinical  history  cf  measles.  Lobular  pneumonia  with 
multiple  abscess  formation.  Empyema  (left).  Seropurulent  pleuritis  (right).  In- 
fected infarcts  of  spleen. 

Left  pleural  cavity.— In  the  line  of  the  scapula  on  the  left  side  there  is  a  wound 

12  cm.  long  running  obliquely  along  the  course  of  the  rib  from  which  a  portion 
has  been  removed.  The  cavity  is  obliterated  along  the  anterior  maigin  of  the 
lung  and  over  its  lower  portion  by  old  adhesions.  The  upper  part  of  the 
pleural  cavity  b  lined  by  thick  yellowish  fibrinopurulent  exudate.  Practically 
all  the  fluid  exudate  has  escaped,  but  there  is  a  pocket  containing  about  100 
cc.  of  thick  greenish  pus  between  the  diaphragm,  the  lower  mesial  surface  of 
the  lung,  and  the  pericardium.  This  communicates  with  a  space  between  the 
two  lobes.  Right  pleural  cavity. — Contains  about  5  cc.  of  creamy  purulent 
fluid  which  b  spread  over  the  back  of  the  lung  and  to  a  less  extent  anteriorly 
where  the  pleura  is  still  shining.  The  costal  and  diaphragmatic  pleure  are 
injected  and  have  lost  their  gloss  in  the  posterior  part  of  the  thorax.  Left  lung 
(Fig.  4Z). — ^The  upper  lobe  is  firm  except  in  its  anterior  lower  part  which  is 
collapsed.  On  section  it  is  found  that  the  whole  posterior  part  hom  the  dj^ex 
down  is  dense,  greyish  yellow  and  moist,  but  rather  thickly  studded  with 
patches  of  opaque  pale  greenish  yellow.  At  the  apex  there  is  one  such  mass 
about  2  cm.  in  diameter  and  in  the  lower  part  there  is  a  great  group  of  them 
reaching  up  to  the  pleura  and  only  partly  separated  from  each  other.  These 
patches  have  softened  and  partly  liquefied  foul  smelling  central  portions  and 
hemorrhagic  margins.  The  more  anterior  part  of  the  lobe  shows  thickened  in- 
terlobular septa  and  numerous  smaller  nodular  consolidations.    The  lower  lobe  is 
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more  flabby  and  of  darker  reddish  grey  color.  The  interlobular  septa  are  also 
rather  cx>nspicuoiis  and  in  the  lobules  there  are  to  be  found  numerous  projecting 
nodules.  There  are  also  several  large  yeUow  abscess-like  masses.  The  bronchial 
glands  are  large,  soft,  and  grey.  Right  lung, — ^The  limg  is  very  voliuninous 
(Fig.  43)  and  the  upper  lobe  easily  inflated  with  air.  On  section  the  upper  and 
middle  lobes  and  the  anterior  portion  of  the  lower  lobe  are  air-containing.  The 
posterior  portion  of  the  lower  lobe  is  dark  purplish,  airless,  and  fairly  firm.  There 
project  from  its  surface  a  number  of  opaque  firm  yellow  areas  some  of  which 
are  3  cm.  in  diameter.  They  are  partly  hidden  by  the  reddened  pleura,  but  in 
places  show  through  as  opaque  yellow  patches.  A  similar  mass  projects  from  the 
posterior  part  of  the  middle  lobe.  Oto  section  the  lower  lobe  is  collapsed  and 
studded  throughout,  even  in  the  air-containing  part,  with  yellow  opaque  nodules, 
the  smaller  of  which  seem  to  have  a  central  lumen.  The  large  ones  are  quite  like 
those  in  the  upper  lobe.  Spleen, — ^Measures  19  by  11  by  5.5  cm.  It  is  quite 
firm,  especially  in  certain  greyish  projecting  portions  which  are  irregular  in 
outline  and  surroimded  by  a  red  border.  On  section  much  of  the  spleen  is 
greyish  in  color  with  distinctly  visible  trabecule  and  Malpighian  bodies.  The 
splenic  pulp  is  swollen,  shining,  and  velvety.  In  contrast  to  this  there  are 
irregular  patches  with  ragged  outline  extending  deep  into  the  substance  of  the 
organ  and  bordered  by  a  broad  margin  of  hemorrhage.  These  patches  are  dry 
and  opaque  with  a  dull  gre3nsh  red  color. 

Cultures  from  the  heart's  blood  showed  Streptococcus  hamolyticus,  and  similar 
Gram-positive  coed  were  found  in  abimdance  in  films  from  the  spleen  and  peri- 
cardial and  pleural  fluids,  but  all  autopsy  material  was  grossly  contaminated 
with  a  Gram-n^;ative  spreading  bacillus  with  putrefactive  odor. 

Microscopic  Examination, — ^The  greatly  thickened  pleura  over  the  left  limg  is 
dense  and  fibrous  and  covered  with  fibrin.  The  interlobular  septa  are  not  es- 
pecially conspicuous  on  section.  The  bronchi  although  filled  with  purulent  exu- 
date are  scarcely  thickened  or  infiltrated.  The  exudate  contains  strq>to- 
cocd  and  Gram-negative  bacilli  which  appear  to  be  influenza  bacilli.  The  alveo- 
lar walls  are  nowhere  especially  thickened  nor  do  they  show  any  extensive 
desquamation  of  epithelium.  The  alveoli  are  filled  with  fluid  and  leucocytes. 
There  are  certain  areas  in  each  section  which  show  the  especial  filling  of  the 
alveoli  with  leucoc3rtes  and  in  these  there  are  whole  patches  of  the  central  alveoli 
in  which  walls  and  exudate  are  completdy  necrotic.  In  these  alveoli  streptococci 
are  extraordinarily  abundant.  They  are  present  in  short  chains,  in  tangled 
masses,  or  engulfed  singly  by  leucocjrtes. 

Throughout  both  lungs  the  changes  appear  to  be  the  same.  They  are  defi- 
nitdy  areas  of  lobular  pneiunonia  with  large  numbers  of  streptococci  causing 
necrosis  and  liquekction,  and  surrotmded  by  an  edematous  lung  tissue  in  which 
the  changes  characteristic  of  the  interstitial  bronchopneumonia  do  not  appear. 
But  there  are  some  areas  especially  near  the  thickened  pleura  where  the  inter- 
lobular septa  are  wider  and  infiltrated,  and  the  bronchi  and  blood  vessels  and 
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even  the  alveolar  walls  share  in  this  infiltration.  The  alveoli  in  these  areas  are 
mostly  collapsed,  but  some  are  distended  with  Ieuc6c3rtes  and  great  quantities  of 
str^tococd.  Most  striking  is  the  fact  that  the  lymphatics  are  enormously  dis- 
tended in  many  places  and  filled  with  a  disintegrated  mass  of  ceUs  and  bac- 
teria. It  is  evidently  from  these  that  some  pf  the  large  necroses  begin,  although 
in  the  collapsed  lung  around  them  there  are  numerous  f od  in  which  whole  colonies 
of  bacteria  are  surrounded  by  necrotic  tissue. 

The  spleen  shows  irregular  areas  of  necrosis  edged  with  hemorrhage  and  studded 
throughout  with  veritable  colonies  of  streptococci.  The  artery  supplying  one 
such  area  is  plugged  with  a  softened  thrombus  which  contains  the  same  great 
masses  of  oiganisms.  The  other  organs  show  no  such  gross  evidence  of  infection, 
although  there  is  cloudy  swelling  of  the  liver  and  kidneys. 

Case  56.— F.  E.,  age  40  3rrs.  Had  scarlet  fever  and  measles  in  early  life. 
For  6  weeks  before  entrance  to  ho^ital  had  pain  in  right  side  whenever  he  caught 
cold.  On  Feb.  7,  1918,  had  a  chill,  pain  in  side,  and  a  temperature  of  102'  F. 
Entered  the  hospital  Feb.  8,  1918.  There  was  foimd  dulness  over  the  right 
lower  lobe  with  distant  bronchial  breathing.  Breathing  over  left  side  accentu- 
ated. Tenderness  over  abdomen  with  rigidity  of  muscles.  Temperature  98*"  F. 
Leucocytes  24,400.  On  Feb.  26  the  right  chest  was  aspurated  and  the  pleural 
fluid  contained  Streptococcus  hamolyticus.  Temperature  from  10O-103"  F.  for  the 
first  10  days.  On  Feb.  19  it  fell  abruptly  to  normal  and  later  fluctuated  from 
98  to  lOr  until  Feb.  26.  Respiration  40,  pulse  100-128.  On  Feb.  26  the  7th 
rib  was  resected  under  local  anesthesia  and  the  right  pleural  cavity  drained. 
Died  Mar.  7, 1918.    Autopsy  Mar.  8, 1918, 10  a.m. 

Anatomical  Diagnosis:  Confluent  lobular  pneumonia  with  empyema  and  exten^ 
sion  through  diaphragm.    Pericarditis  with  effusion.    Axillary  cdluUtis. 

Left  pleural  cavity. — ^Free  from  adhesions.  Contains  a  small  amount  of  fluid,  but 
the  surfaces  are  smooth  and  glistening  although  slightly  hyperemic  posteriorly. 
Right  pleural  cavity. — ^Partly  obliterated  by  very  dense  fibrous  adhesions  which 
enclose  a  pocket  filled  with  greenish  yellow  purulent  fluid.  There  is  an  incision 
over  the  8th  rib  in  the  right  lateral  scapular  line  which  allows  the  escape  of  pleural 
fluid  through  a  rubber  drainage  tube.  The  tissue  about  this  woxmd  is  very  ede- 
matous and  the  maigins  are  necrotic.  Pericardium. — Contains  100  cc.  of  yel- 
low purulent  fluid  with  floating  shreds  of  fibrin.  The  surfaces  are  covered  with  a 
thick  fibrinopurulent  exudate.  Endocardium  normal.  Left  lung. — Surface  is 
smooth  and  lung  is  normally  air-containing  throughout.  Right  lung. — ^The  pleura 
is  3  mm.  thick  and  very  dense.  It  is  covered  with  a  layer  of  fibrin  in  places. 
The  upper  lobe  is  air-containing.  The  lower  lobe  is  dense  and  uniformly  grey 
and  consolidated  with  a  few  scattered  flecks  of  more  hemorrhagic  appearance. 
There  is  no  thickening  of  the  septa  or  walls  of  the  bronchi. 

Microscopic  Examination. — ^The  left  lung  is  normal.  The  right  is  in  part 
edematous  with  a  scattered  exudate  of  polymorphonuclears.  The  lower  lobe, 
however,  shows  a  compact  exudate  of  these  leucocytes  filling  the  alveoli.    Septa, 
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bronchial  walls,  and  alveolar  walls  are  delicate  and  not  infiltrated  with  mono* 
nuclear  cells. 

No  cultures  were  recorded. 

The  right  lung  at  its  base  is  adherent  to  the  diaphragm  and  between  them 
there  is  a  collection  of  fibrinopurulent  exudate.  This  is  seen  to  extend  through 
the  diaphragm  so  that  the  dome  of  the  liver  is  also  covered  with  a  localized 
fibrinopurulent  exudate. 

Case  187. — ^E.  S.,  age  23  yrs.  Had  German  measles  on  May  2,  1918.  On 
May  6  moist  r&les  throughout  both  chests,  with  bronchial  breathing  in  right 
upper  lobe.  On  May  12  dulness  over  left  upper  lobe  with  fine  crepitant  r^es 
and  high  pitched  expiration.  Friction  rub  in  right  axilla.  Bronchc^neumonia 
of  both  lungs  on  May  8.  Sputum  on  May  8  was  purulent,  homogeneous,  slightly 
blood-tinged,  with  a  few  Gram-positive  diplococd.  Cultures  show  predominant 
staphylococcus,  few  colonies  of  hemolytic  streptococcus.  Blood  culture  was 
negative  May  7,  1918.  Died  May  13,  1918,  at  8.40  p.m.  Autopsy  May  14, 
1918, 14  hours  after  death. 

Anatomical  Diagnosis:  Confluent  lobular  pneumonia  (both  upper  lobes).  Dis- 
seminated lobular  pneumonia  with  slight  interstitial  changes.  Rupture  of  rectus 
abdominis  musde. 

The  sheath  of  the  rectus  abdominis  muscle  bulges  into  the  peritoneal  cavity 
on  each  side  at  a  point  just  below  the  umbilicus.  On  incision  it  is  found  that 
the  muscles  are  torn  across  and  that  the  ends  are  retracted  leaving  a  space 
filled  with  blood  clot  and  bloody  fluid.  This  rupture  is  symmetrically  placed 
on  the  two  sides.  The  ruptiured  muscle  is  contracted  into  a  thick  belly  on 
each  side  and  there  are  opaque  greyish  yellow  discolorations  seen  in  the  sub- 
stance of  the  broken  ends.  The  peritoneal  cavity  contains  no  excess  of  fluid 
and  the  surfaces  are  smooth  and  glistening.  Left  pleural  cavity. — ^The  cavity 
is  partly  obliterated  above  by  old  fibrous  adhesions  and  there  are  similar  ad- 
hesions between  the  base  of  the  lung  and  the  diaphragm.  The  free  portion 
of  the  pleural  cavity  contains  about  20  cc.  of  clear  fluid  and  the  surfaces  are 
smooth.  Right  pleural  cavity. — Contains  very  little  fluid.  The  surfaces  are 
smooth  except  over  the  upper  lobe  where  there  is  a  thin  fibrinous  exudate.  Left 
lung  {Fig.  44). — ^The  lung  is  volxuninous  and  in  part  covered  with  shreds  of  old 
adhesions.  The  upper  lobe  is  air-containing  anteriorly,  but  firm  posteriorly.  On 
section  there  is  found  a  large  area  of  complete  consolidation  which  is  pinkish  grey 
in  color  and  fairly  smooth  although  plugs  of  exudate  can  be  seen  projecting  from 
the  alveoli.  The  bronchi  in  this  area  are  wide  with  a  dull  grey  lining,  and  con- 
tain a  grey  purulent  exudate.  Scattered  through  the  area  of  consolidation  there 
are  irregular  patches  which  are  still  more  prominent  and  of  a  lighter  yellowish 
color  and  more  opaque  than  the  rest.  These  are  softened  and  even  partly  lique- 
fied in  places.  In  the  anterior  air-containing  portion  there  are  some  nodular 
consolidations  about  the  branches  of  the  bronchi.  The  lower  lobe  is  in  general 
air-containing  but  is  rather  firm  posteriorly.    Throughout  it  there  are  scattered 
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small  peribronchial  consolidations  such  as  are  seen  in  the  anterior  part  of  the 
upper  lobe.  These  are  more  numerous  and  larger  in  the  posterior  part  of  the 
lobe.  They  are  not  accompanied  by  any  marked  hemorrhage.  The  bronchial 
glands  are  much  enlarged  and  are  dark  gre3nsh  red.  Right  lung, — The  lung  is 
large  and  in  general  seems  to  be  air-containing.  It  is  found,  however,  that  there 
is  in  the  posterior  middle  portion  of  the  upper  lobe  an  area  of  consolidation  about 
4  cm.  in  diameter  which  on  section  is  greyish  pink  and  smooth.  Part  of  the 
area  is  yellowish  and  opaque  and  appears  to  be  beginning  to  soften.  The  anterior 
part  of  the  lobe  is  air-containing.  The  middle  lobe  is  air-containing  except  for 
some  of  the  bronchioles  which  are  thickened  and  filled  with  einidate  and  in 
places  surrounded  by  nodular  areas  of  consolidation.  In  the  lower  lobe  of  this 
lung  there  are  many  bronchioles  whose  lining  epithelium  is  entirely  lost  and  the 
surface  of  the  exposed  tissue  necrotic.  These  bronchi  have  greatly  thickened 
walls  with  extreme  hyperemia  and  infiltration  with  mononuclear  cells.  The  adja- 
cent alveoli  are  generally  coUapsed,  their  walls  infiltrated  with  mononuclear 
cells,  and  their  cavities  with  blood,  fluid,  and  epithelial  ceUs.  Pharynx  and 
larynx, — ^The  tonsils  are  not  enlarged.  The  pluuynx  is  rather  pale.  The  lar3mx 
is  only  slightly  reddened  and  there  are  no  ulcers  on  the  vocal  cords  or  epiglottis. 
The  trachea  is  slightly  reddened.  The  cervical  lymph  glands  are  edematous  and 
greyish  red. 

Cultures  at  autopsy  showed  Streptococcus  hcmiolyticus  in  the  heart's  blood, 
right  and  left  lungs,  and  in  the  bloody  fluid  between  the  torn  ends  of  the  rectus 
abdominis  muscles.    Smears  hom  these  localities  showed  these  organisms  alone. 

Microscopic  Examination.-— Thit  lung  shows  remarkable  changes.  The  pleura 
is  perhaps  somewhat  thickened  over  the  left  lung,  but  there  is  no  exudate  or 
granulation  tissue  formation.  The  interlobular  septa  are  wide  and  edematous, 
and  contain  wide  lymphatics  which  are  not  thrombosed  or  at  most  contain  a 
strand  of  fibrin.  They  contain  abundant  streptococci.  The  area  of  consolida- 
tion in  the  upper  lobe  shows  no  bronchi  conspicuous  for  their  thickening,  al- 
though there  is  a  definite  mononuclear  infiltration  of  the  walls  in  some  cases. 
The  alveolar  walls  are  not  infiltrated  or  thickened.  The  alveoli  are  densely 
packed  with  pol3rmorphonuclear  leucocytes  with  little  fibrin  and  scarcely  any 
blood  (Fig.  45).  These  leucocytes  are  fairly  loaded  with  micrococci  and  there 
are  great  quantities  of  these  organisms  free  between  them.  It  appears  as  though 
the  leucoc3rtes  were  inadequate  to  engulf  all  of  them. 

The  alveolar  walls  are  noticeably  pale  and  flattened  or  thinned  out  in  places. 
With  Weigert's  fibrin  stain  it  sudd^y  becomes  evident  that  the  capillaries  in 
many  of  the  alveolar  walls  are  completely  obstructed  by  fibrinous  coagula  which 
are  not  quite  homogeneous  but  fill  the  whole  networiL  of  capillaries,  at  times  in 
such  a  way  as  to  demonstrate  this  network  as  though  by  a  purple  injection 
mass  (Fig.  46).  Evidently  the  obstruction  to  circulation  is  great  and  such 
areas  are  widely  necrotic,  there  being  no  nuclei  of  the  alveolar  wall  left  intact 
enough  to  stain.    Doubtless  these  are  the  opaque  yellowish  patches  observed  in 
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the  consolidated  area  in  the  gross  in^)ection.  This  consolidation  is  very  dense 
and  extends  over  a  large  area  in  the  manner  of  a  lobar  or  confluent  lobular 
pneumonia. 

In  the  portion  of  the  lung  which  is  not  the  seat  of  a  imiform  consolidation  the 
bronchi  are  more  definitely  thickened  by  the  great  hyperemia  and  new  tissue 
formation  which  is  so  often  seen.  But  there  is  no  characteristic  surrounding  zone 
of  thickening  of  the  alveolar  walls  with  desquamation  of  the  epithelial  cells, 
hemorrhagic  organization  of  the  exudate,  etc.  Instead  there  are  minute  patches 
of  lobular  consolidation  in  every  respect  resembling  the  large  patch  in  the  upper 
lobe.  In  the  outlying  area  where  there  is  a  great  deal  of  edema  this  fluid  is 
loaded  with  bacteria.  In  places  it  contains  numerous  vacuoles  which  vary 
greatly  in  size  but  are  peculiarly  Surrounded  by  bacteria  which  appear  to  float 
on  the  surface  of  the  vacuole.  These  cavities  may  be  air  bubbles  from  the  mix- 
ing movement  of  the  fluid  and  the  bacteria  may  swim  on  their  surface  in  order  to 
be  in  contact  with  air,  or  else  their  position  may  be  merely  an  effect  of  the  surface 
tension  of  the  fluid.  The  same  phenomenon  was  observed  with  pneumococd  in 
Case  31. 

There  is,  therefore,  an  extraordinarily  intense  infection  with  Streptococcus  fuBmo- 
lyticus  which  produces  a  confluent  lobular  pneumonia  resembling  a  lobar  pneu- 
monia in  places,  with  only  traces  of  its  usual  interstitial  action.  The  right  lung  is 
similar.    Careful  search  failed  to  reveal  any  influenza  bacilli. 

Microscopically  the  rectus  muscle  shows  extensive  reduction  of  muscle  fibers 
to  hyaline  formless  dimips.  Where  the  rupture  has  occurred  there  is,  of  coiu^, 
much  hemorrhage  and  the  separation  of  fragments  of  completely  necrotic  muscle 
tissue  which  had  already  shown  the  hyaline  change  in  the  substance  of  each 
fiber.  Streptococci  are  present  in  quantities  in  the  necrotic  ends.  The  hyaline 
dimips  are  found  within  the  sarcolemma  sheaths  quite  far  back.  They  are  in- 
vaded by  wandering  phagocytic  mononuclear  cells  which  can  be  distinguished 
from  the  shoals  of  sarcolemma  nudei  by  their  more  chromatin-rich  nudeus. 
The  sarcolemma  nudei  are  pale  with  one  deeply  stained  nucleolus. 

Case  192, — ^J.  R.  B.,  age  23  yrs.  No  history  of  measles  or  other  predis- 
posing disease.  B^an  suddenly  on  May  5,  1918,  with  a  chill  and  pain  in  the 
chest.  The  diagnosis  of  lobar  pneumonia  involving  the  left  lower  lobe  was 
made  on  May  11.  Blood  culture  on  May  14  was  negative,  but  the  sputum  con- 
tained Staphylococcus  aureus  and  influenza  bacilli.  Died  May  14,  1918.  Au- 
topsy May  15,  1918,  15  hours  after  death. 

Anatomical  Diagnosis:  Hemorrhagic  bronchopneumonia  (bilateral).  Ulcera- 
tvoe  laryngitis. 

Left  pleural  cavity. — Contains  only  about  5  cc.  of  dear  fluid.  The  pleural  sur- 
faces are  smooth  but  flecked  with  hemorrhage  posteriorly.  Right  pleural 
cavity. — ^The  cavity  contains  a  little  dear  fluid.  There  are  a  few  easily  torn 
adhesions  over  the  apex  of  the  lung.  The  pleural  surfaces  are  smooth  but 
the  lower  lobe  of  the  lung  is  deep  blue  and  covered  with  areas  of  hemorrhage. 
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Left  lung  (Fig.  47). — ^The  upper  lobe  is  found  to  be  air-containing  throughout, 
with  the  exception  of  very  minute  foci  about  the  terminal  bronchioles  which 
stand  out  as  gre3dsh  opaque  points.  The  lower  lobe  receives  a  little  air  in  the 
anterior  part.  The  remainder  is  deep  red  and  rather  nodular  looking  although 
the  nodules  do  not  stand  out  very  distinctly.  They  appear  rather  as  greyish 
centers  of  reddened  hemorrhagic  areas.  Fight  lung  (Fig.  4S). — ^The  lung  is 
much  more  voluminous  than  the  left.  The  upper  lobe  is  firm  in  its  apical  por- 
tion but  otherwise  air-containing.  The  firmness  is  due  to  the  presence  of  scarred 
and  pigmented  areas  at.  the  apex  and  a  little  lower  on  the  posterior  side.  In  the 
lower  portion  of  the  lobe  posteriorly  there  are  several  branching  nodular  consoli- 
dations which  surround  the  ends  of  the  bronchi.  The  middle  and  lower  lobes 
contain  a  little  air  anteriorly  but  are  consolidated  posteriorly,  the  consolidation 
being  produced  by  greyish  nodules  surrounded  by  deep  red  confluent  hemor- 
rhages. The  bronchial  lymph  nodes  are  large  and  greyish  red.  Pharynx  and 
larynx. — ^The  pluuynx  and  base  of  the  tonguie  are  deeply  reddened  and  the  lat- 
eral walls  of  the  pluuynx  are  covered  with  an  opaque  yellow  mucoid  layer.  There 
is  similar  congestion  of  the  larynx  and  trachea,  l>ut  this  does  not  extend  into  the 
esophagus.  There  are  slight  erosions  of  the  edges  of  the  epi^ottis  and  a  shallow 
ulceration  in  the  wall  of  the  larynx  at  the  attachment  of  the  vocal  cords,  but  the 
cords  themselves  are  not  ulcerated. 

Cultures  at  autopsy  gave  Streptococcus  hamolyticus  from  the  heart's  blood  and 
lungs. 

Microscopic  ExaminaHon. — ^The  lungs  show  a  fairly  uniform  process  on  both 
sides  which  is  different  from  any  previously  described. 

The  pleura  is  densely  infiltrated  with  blood.  All  crevices  and  the  l3anphatics 
are  distended  with  blood.  The  interlobular  septa  are  not  conspicuous,  and 
where  they  are  found  they  are  in  places  edematous  and  infiltrated  with  mono- 
nuclear cells  and  blood.  The  lymphatics  are  not  prominent  but  often  contain 
blood  and  leucocytes.  The  bronchi  are  filled  with  polymorphonuclear  leuco- 
cytes and  blood  cells.  Their  walls  have  usually  lost  their  epithelium  and  are 
very  hyperemic  and  edematous  but  not  really  thickened  or  infiltrated  with 
cells.  The  adjacent  alveoli  are  usually  filled  with  leucocjrtes.  Their  walls  are 
not  thickened  although  in  places  there  are  leucocytes  in  their  substance.  Further 
from  the  bronchi  the  alveoli  contain  fewer  leucocytes  and  are  more  and  more 
filled  with  blood.  Indeed,  except  for  the  peribronchial  filling  of  the  alveoli  with 
leucocytes  the  whole  lung  is  nearly  solidly  filled  with  red  corpuscles  with  which 
a  few  desquamated  epithelial  cells  and  leucocytes  are  mingled.  The  whole  area  b 
one  vast  hemorrhage.  As  a  rule,  few  or  no  bacteria  can  be  foimd  but  there 
are  some  patches  in  which  streptococci  are  present  in  great  numbers,  sometimes 
scattered  in  single  chains,  sometimes  in  dense  clumps  or  tangles  of  chains.  Since 
influenza  bacilli  were  found  in  the  sputum  and  since  the  lesion  in  this  lung  is  so 
totally  unlike  that  seen  in  other  cases  of  streptococcus  pneumonia  the  idea 
suggests  itself  that  it  may  be  due  to  the  influenza  bacillus,  and  search  in  sec- 
tions properly  stained  shows  the  presence  of  enormous  numbers  of  minute  Gram- 
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negative  organisms  which  may  be  influenza  bacilli,  although  they  often  occur  in 
short  chains. 

Section  of  the  rectus  abdomims  (Fig.  49)  shows  the  most  extensive  hyaline  de- 
generation of  the  muscle  fibers  which  are  reduced  to  formless  clumps  of  red-stain- 
ing material  still  enclosed  in  the  sarcolemma  sheath.  There  are  still  some  intact 
fibers  among  the  altered  ones.  The  nuclei  of  the  sarcolemma  sheaths  show  no 
alteration  and  there  is  no  inflammatory  reaction. 

Case  195, — G.  M.,  age  23  yrs.  Negro.  Began  with  measles  on  May  3,  1918, 
and  developed  pneumonia  which  was  thought  to  be  a  lobar  consolidation  of  the 
right  lower  lobe  on  May  10,  1918.  Died  May  16.  Autopsy  May  17,  1918,  11 
hours  after  death. 

AnaUmical  Diagnosis:  Clinical  history  of  measles.  Disseminated  lobtdar  pneu- 
monia.   Empyema  {left). 

Left  pleural  cavity. — Contains  450  cc.  of  yellowish  fluid  with  flakes  of  fibrin. 
The  surfaces  are  covered  with  a  yellowish  fibrinous  exudate  but  there  are  no 
adhesions.  Right  pleural  cavity. — G)ntains  about  50  cc.  of  a  slightly  cloudy 
fluid.  There  are  on  the  pleural  surface  numerous  small  discrete  roughened 
brownish  patches.  Left  tung.-— The  upper  lobe  is  air-containing  throughout. 
In  the  lower  lobe  there  are  numerous  nodular  masses  of  consolidated  tissue 
which  measure  2  by  6  mm.  in  diameter  and  surround  the  bronchioles.  These 
become  more  numerous  in  the  posterior  part  of  the  lobe  and  are  often  confluent. 
Eight  lung. — There  are  nodular  consolidations  scattered  throughout  all  the 
lobes,  becoming  more  nimierous  and  close  set  as  one  passes  towards  the  pos- 
terior part  of  the  lung.  In  the  upper  lobe  they  are  fairly  discrete  but  occupy  a 
large  proportion  of  the  limg  substance  posteriorly.  In  the  middle  lobe  there  is 
also  a  larger  area  of  consolidation,  a  patch  2  cm.  in  diameter  which  is  firm  and 
grey  at  the  periphery  but  rather  more  rose-colored  in  the  center.  In  the  lower 
lobe  the  nodules  are  very  numerous  especially  in  the  posterior  part.  The 
mucosa  of  the  bronchi  and  trachea  is  hemorrhagic  and  deep  red. 

No  cultures  were  made  at  autopsy. 

Microscopic' Examination. — ^The  pleura  is  found  to  be  hyperemic  and  slightly 
thickened  but  still  covered  by  its  lining  layer  of  cells.  There  is  a  thick  layer 
of  fibrin  overl3ang  it  but  there  is  no  sign  of  organization.  The  interlobular  septa 
are  everywhere  wide  and  edematous.  The  lymphatics  are  also  wide,  and  while 
some  of  them  may  be  traced  along  in  the  septa  filled  with  fluid  only,  most  of  them 
are  distended  with  a  compact  mass  of  disintegrated  leucocytes,  blood,  and  fibrin 
with  bacteria.  Everywhere  in  the  walls  of  bronchi  and  blood  vessels,  in  the 
interlobular  septa,  and  in  the  pleura  the  lymphatics  are  very  wide  and 
conspicuous. 

The  lung  in  general  b  edematous,  the  alveoli  are  filled  with  what  appears  to 
be  a  rather  viscid  fluid.  There  are  focal  areas  of  consolidation  which  were  recog- 
nized in  the  gross  and  can  be  seen  as  such  by  the  imaided  eye  in  the  stained  sec* 
tion.  It  is  difficult  to  outline  these  as  they  shade  off  into  the  adjacent  tissue  in 
which  there  is  only  edema  with  desquamated  epithelial  ceUs.    But  it  is  clear  that 
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there  are  numerous  patches  of  completely  consolidated  lung  tissue  in  which 
every  alveolus  is  filled  with  polymorphonuclear  leucoc3rtes.  In  and  espedaUy 
about  these  there  is  much  hemorrhage  and  then  further  out  the  alveoli  are  found 
to  contain  only  fibrin  with  fluid  and  mononuclear  cells  which  are  probably  des- 
quamated epithelium.  The  bronchi  are  not  at  all  conspicuous.  They  contain 
leucoc3rtes  and  bacteria.  The  walls  are  hyperemic  but  not  infiltrated  with  cells, 
nor  are  the  alveolar  walls  thickened  or  infiltrated  at  any  point.  The  most 
prominent  feature  in  these  areas  is  constituted  by  the  great  thrombosed  lym- 
phatics. In  places  and  perhaps  especially  in  these  lymphatics  the  leucoc3rtes 
are  necrotic  and  disintegrated.  In  the  middle  lobe  of  the  right  limg  the  area  of 
uniform  infiltration  with  polymorphonuclears  is  much  greater.  There  are  hya- 
line thrombi  in  the  capillaries  of  the  alveolar  wall  and  much  necrosis  of  the  exu- 
date and  of  the  walls.  The  bronchi  are  but  little  altered.  The  consolidation 
even  here  is  patchy  with  alternation  in  the  types  of  exudate. 

In  these  cases  the  pleural  effusion  is  quite  like  that  in  the  preceding 
groups  and  it  is  somewhat  surprising  to  find  that  a  man  may  survive 
for  55  days  with  this  lesion  extensively  developed  in  association  with 
an  old  empyema.  The  gross  appearance  of  the  limgs  is  usually  dif- 
ferent from  that  found  in  interstitial  bronchopneimionia,  since  these 
areas  of  consolidation  are  no  longer  nodular,  hard,  and  prominent, 
nor  especially  situated  about  the  branches  of  the  bronchi.  Instead, 
they  are  very  rough,  grey,  and  slightly  elevated,  often  confluent  in 
quite  large  patches  where  they  resemble  closely  in  their  texture  the 
consolidation  of  pnexunococcal  lobar  pneumonia.  But  in  many  cases 
they  are  intensely  hemorrhagic  and  in  the  central  parts  dull  and 
opaque.  As  an  example  of  the  first  type  Case  187  may  serve,  in 
whidh  a  large  area  of  homogeneous  consolidation  with  granular  ex- 
udate projecting  from  the  alveoli  occupies  part  of  the  upper  lobe, 
while  smaller  areas  of  the  same  sort  are  scattered  through  the  lower 
lobe.  In  Cases  20  and  192  the  areas  of  consolidation  are  large  and 
hemorrhagic. 

In  all  these  the  participation  of  the  lymphatics  is  extremely  strik- 
ing. Great  beaded  canals  distended  with  opaque  yellow  pus  so  as  to 
become  very  conspicuous  accompany  the  blood  vessels  and  bronchi  or 
run  in  the  line  of  the  interlobular  septa  to  the  pleural  surface.  These 
stand  out  especially  in  Cases  20  and  26  and  can  be  readily  traced  to 
their  connection  with  the  network  in  the  pleura  which  is  similarly 
prominent  and  distended  with  pus. 
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In  Case  55  extensive  areas  of  necrosis  occur  in  which  the  lung  sub- 
stance is  converted  into  a  soft  yellow  opaque  material.  These  areas 
look  like  abscesses  as  they  project  under  the  pleura  and  possibly  they 
should  be  so  caUed,  but  they  are  really  pretty  firm  opaque  necrotic 
patches  of  consolidated  lung  swarming  with  streptococci  but  still 
composed  of  coagulated  tissue  and  not  of  pus.  There  is  no  real  dis- 
tinction except  perhaps  in  the  lack  of  an  intense  leucocytic  invasion 
to  reduce  this  necrotic  material  quickly  to  a  liquid  state.  In  other 
cases  it  has  been  seen  that  such  areas  may  be  discharged  through  a 
bronchus  the  walls  of  which  are  interrupted  on  entrance  into  the  ne- 
crotic patch.  This  leaves  a  cavity  which  may  or  may  not  communi- 
cate with  the  pleural  cavity.  In  none  of  our  cases  had  this  actually 
occurred,  but  it  seems  that  this  is  the  explanation  of  the  formation  of 
the  pleurobronchial  fistuke  which  are  encountered  by  many  surgeons 
in  treating  the  late  empyema  cases. 

Microscopically  the  lesions  just  mentioned  are  the  outcome  of  the 
filling  of  alveoli  with  streptococci  and  an  exudate  of  leucocytes  and 
fibrin.  The  streptococci  are  extremely  abundant  throu^out  this 
exudate.  In  Case  187  in  which  the  consolidation  is  almost  lobar  in 
appearance  the  capillaries  of  the  alveolar  walls  are  widely  thrombosed 
with  hyaline  strands  of  fibrin  which  completely  occlude  them.  The 
exudate  and  even  the  tissue  of  the  lung  becomes  necrotic  under  these 
conditions. 

In  the  more  hemorrhagic  consolidation  such  as  is  seen  in  Case  20, 
great  stretches  of  lung  substance  simply  become  necrotic  and  filled 
with  blood  without  any  adequate  infiltration  of  leucocytes.  In  such 
places  the  streptococci  in  long  chains  form  a  tangled  matted  growth 
as  though  they  were  growing  in  the  most  favorable  culture  medium. 
In  the  outlying  parts  of  the  lung  about  these  places  there  are  alveoli 
filled  with  leucocytes  and  fibrin  but  the  destructive  process  seems  to 
have  been  too  intense  and  rapid  to  allow  the  institution  of  a  proper 
reaction.  The  lymphatics  distended  with  leucocytes,  fibrin,  and 
myriads  of  streptococci  form  enormous  objects  in  the  microscopic 
field. 

The  lesion  then  in  all  these  cases  is  produced  by  the  streptococcus; 
it  is  the  simplest  inflammatory  reaction  to  the  invasion  of  great  num- 
bers of  streptococci  and  often  even  this  reaction  fails,  so  that  with 
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great  extravasation  of  blood  the  whole  invaded  area  becomes  necrotic 
and  a  good  soil  for  unlimited  multiplication  of  the  organisms.  It 
represents  the  most  passive  attitude  of  the  body  in  which  resistance 
is  at  its  lowest. 

The  Changes  in  Other  Parts  of  the  Respiratory  Tract  in  Streptococcal 

Pneumonia. 

No  distinction  is  practicable  between  the  groups  of  cases  just  con- 
sidered in  so  far  as  the  lesions  of  the  rest  of  the  respiratory  tract  are 
concerned.  The  changes  in  the  lung  proper  have  been  described 
and  the  forms  of  pleurisy  will  be  analyzed  later.  There  remain  the 
bronchial  glands,  the  larger  bronchi  and  trachea,  the  larynx,  and  the 
upper  air  passages. 

The  bronchial  lymph  glands  are  always  somewhat  enlarged  al- 
though not  so  greatly  as  in  some  other  affections  of  the  lungs.  They 
are  soft,  edematous,  and  greyish  red  except  when  deeply  pigmented. 
I  have  encountered  no  abscesses  in  these  glands.  The  cervical  and 
peritracheal  glands  are  often  similarly  affected.  Microscopically 
they  show  in  each  case  a  considerable  increase  in  the  cells  of  the 
lymph  cords  and  islands,  but  it  is  in  the  sinuses  that  the  change  is 
most  marked.  These  are  very  wide  and  are  packed  with  ceUs,  chiefly 
large  and  small  mononuclear  wandering  cells  which  have  probably 
been  swept  into  these  sinuses  from  the  lymphatics  of  the  lungs  since 
they  are  of  the  type  seen  there.  They  are  to  some  extent  phagocytic, 
loading  themselves  with  the  debris  of  other,  cells.  There  is  no  evi- 
dence that  they  are  derived  from  the  endothelium  of  the  sinuses  which 
is  intact.  Among  these  there  are  quantities  of  streptococci  often 
single  or  in  pairs,  often  in  tangled  masses. 

The  large  bronchi  and  trachea  are  deeply  reddened,  covered  with 
purulent  exudate,  and  occasionally  with  a  pseudomembrane  which  is 
generally  limited  to  the  bronchi.  Streptococci  are  found  abundantly 
strewn  along  the  surface  of  the  mucosa. 

In  the  acuter  cases  and  especially  in  those  in  which  the  disease  is 
associated  with  measles  there  is  aphonia  with  corresponding  changes 
in  the  larynx.  These  changes,  which  are  found  in  Cases  165,  178, 
184,  192,  194,  180,  and  others,  consist  in  an  intense  reddening  of 
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the  mucosa  often  with  some  edema.  Most  striking,  however,  is  the 
ulceration  which  commonly  aflEects  the  vocal  cords  and  causes  a 
deep  Iqss  of  substance  along  their  whole  edges.  Microscopically 
it  is  found  that  the  epithelium  and  underlying  elastic  tissue  is 
necrotic  or  has  been  swept  away  completely  leaving  the  base  of  the 
ulcer  thickly  strewn  with  streptococci.  Streptococci  are  found  in 
crevices  of  the  neighboring  tissue  and  in  folds  of  the  mucosa  nearby. 
Similar  ulcerations  occur  on  the  epiglottis,  on  the  arytenoepiglottic 
folds,  in  the  pyriform  sinuses,  and  elsewhere,  in  the  walls  of  the 
pharynx  and  larynx.  In  Case  165  there  was  a  marked  swelling  of 
the  arytenoepiglottic  folds  and  of  the  epiglottis  with  only  a  shallow 
superficial  ulceration,  but  all  the  swollen  tissue  was  packed  with 
streptococci  and  a  diffuse  inflammatory  exudate.  Most  of  the  other 
cases,  however,  showed  no  especial  alteration  in  the  larjntix.  The 
walls  of  the  pharjntix  are  generally  deeply  congested  and  in  a  few  in- 
stances there  was  a  superficial  ulceration  of  the  uvula  and  of  the 
pillars  of  the  fauces.  The  tonsils  are  not  much  enlarged  or  altered  in 
appearance,  and  although  streptococci  can  be  found  in  clumps  in  the 
depths  of  the  crypts  there  is  no  especial  reaction  of  an  inflammatory 
character  about  them.  We  were,  of  course,  concerned  with  the  idea 
that  the  tonsils  might  harbor  the  streptococci  and  in  this  way  play 
an  important  part  in  the  development  of  the  disease,  but  it  is  not 
even  certain  that  the  dumps  of  streptococci  which  often  have  a 
radial  marginal  arrangement  are  of  the  same  character  as  those  which 
produce  the  pneumonia.  At  any  rate  the  impression  received  was 
that  the  tonsils  are  passive  in  this  process.  The  hemolytic  strepto- 
coccus from  outside  seems  to  sweep  past  them  through  the  pharynx, 
the  larjmx,  and  trachea  into  the  bronchi.  At  most  they  fail  in  their 
function  as  guards,  and  this  may  be  said  too  of  the  lingual  and  other 
adenoid  tissue  which  becomes  slightly  swollen. 

The  condition  of  infection  of  the  accessory  sinuses  which  com- 
municate with  the  nasal  cavity  and  of  the  nasal  mucosa  itself  is  un- 
known to  me  as  there  was  no  opportunity  to  investigate  them.  It 
seems,  however,  that  they  may  be  the  first  to  become  infected  and 
they  should  be  studied.  It  is  evident  that  inflammation  follows  the 
extension  of  infection  up  the  Eustachian  tube  to  the  middle  ear,  for 
otitis  media  is  by  no  means  uncommon  as  a  complication  (Cases  205, 
21, 181). 
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Lesions  in  Other  Organs. 

The  channel  of  infection  of  the  pericardium  is  not  clearly  decided. 
It  seems  probable  that  infection  must  take  place  by  extension  from 
the  pleura  although  this  is  difficult  to  demonstrate,  and  it  is  puzzling 
to  find  so  many  cases  of  intense  pleural  infection  without  pericarditis. 

In  the  whole  series  of  60  cases  there  were  ten  in  which  there  was  a 
definite  pericarditis.  Of  these,  two,  Nos.  19  and  186,  were  associated 
with  lobar  pneumonia  caused  by  the  pneumococcus;  two  others,  Nos. 
36  and  46,  occurred  in  cases  in  which  the  pneumococcus  and  strepto- 
coccus were  both  present,  and  the  remaining  six  were  in  cases  of 
streptococcus  infection,  although  three  of  these  at  least,  Cases  56,  57, 
and  176,  were  associated  with  very  old  empyema  in  which  the  bac- 
terial flora  was  no  longer  uncontaminated.  There  are  no  sharply 
distinctive  features  in  the  streptococcus  pericarditis,  although  there 
seems  to  be  a  tendency  to  great  thickening  of  the  pericardial  tissues 
and  the  formation  of  obliterating  adhesions.  In  one.  Case  203,  the 
pericardial  sac  was  enormously  enlarged  and  thickened  and  con- 
tained at  autopsy  1,000  cc.  of  thick  pus,  although  it  had  been  aspir- 
ated by  the  surgeon  some  days  before.  The  others  presented  a  thick 
turbid  purulent  fluid  with  shaggy  fibrinous  exudate  on  the  pericardial 
surfaces.  There  were  several  other  cases  in  which  minute  hemor- 
rhages and  a  slightly  cloudy  and  somewhat  increased  fluid  attracted 
attention  to  the  pericardium,  but  in  these  the  pericardial  surfaces 
were  still  glossy. 

Endocarditis  was  present  in  one  case,  No.  45,  of  lobar  pneumonia, 
and  the  pneumococcus  was  isolated  from  the  vegetations.  One  case. 
No.  24,  showed  a  lobular  pneumonia  with  some  of  the  features  of  an 
interstitial  bronchopneumonia  in  which  there  was  acute  endocarditis, 
but  the  body  was  partly  decomposed,  and  although  streptococci  were 
present  in  smears  the  exact  nature  of  the  case  is  not  dear.  In  none  of 
the  more  definite  instances  of  streptococcal  pneumonia  was  there 
endocarditis. 

The  spleen  in  the  cases  of  streptococcal  pneumonia  was  sometimes 
slightly  enlarged  and  occasionally  rather  soft.  On  the  whole,  however, 
it  showed  no  definite  change  from  normal,  and  microscopic  exami- 
nation failed  to  reveal  any  marked  alteration  of  any  part  of  its 
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structure.  In  one  case  only,  No.  55,  which  was  a  case  of  lobular 
pneumonia  with  large  areas  of  necrosis  or  abscess  formation  and  an 
empyema  of  55  days  standing,  were  there  infarct-like  infected  areas 
scattered  throu^  the  substance.  These  on  microscopic  examination 
showed  the  presence  of  whole  colonies  of  streptococci  and  Gram- 
negative  badlli  lying  in  the  middle  of  necrotic  and  disintegrated  areas. 

The  liver  in  most  instances  showed  a  moderate  cloudy  swelling,  but 
otherwise  no  departure  from  the  normal.  In  one  case  only,  No.  16, 
were  there  fresh  midzonal  necroses  throughout  the  organ. 

In  general  the  kidneys  were  normal  in  appearance  except  for  a 
slight  cloudiness  of  the  cortex  which  appeared  in  microscopic  section 
as  a  slight  swelling  of  the  epithelial  cells  of  the  convoluted  tubules. 
But  in  four  cases,  Nos.  35,  36,  171,  and  188,  there  was  an  acute  ne- 
phritis with  petechial  hemorrhages  and  swelling  and  some  opacity  of 
the  cortex.  Microscopically  these  cases  showed  glomerular  lesions 
characterized  by  hyaline  thrombosis  of  the  capillaries  with  hemor- 
rhage and  exudation  of  leucocytes  into  the  Bowman's  capsules  and 
tubules  and  the  accumulation  of  leucocytes  and  wandering  cells  in 
the  interstices  of  the  tissue.  Epithelial  degeneration  was  present  in 
only  moderate  degree.  But  of  these  four  cases  two,  Nos.  36  and  188, 
were  essentially  pneumococcus  infections  and  were  really  cases  of 
lobar  pneumonia.  Acute  nephritis  therefore  occurred  in  only  two  of 
the  cases  of  streptococcal  infection  and  cannot  be  regarded  as  a  char- 
acteristic accompaniment  of  this  infection  but  rather  as  an  accidental 
occurrence. 

The  peritoneal  cavity  was  infected,  however,  in  several  cases,  so 
that  acute  peritonitis  seemed  to  be  a  not  infrequent  accompaniment 
of  the  streptococcal  pneumonia. 

In  this  series  five  cases  in  all  showed  an  acute  peritonitis  and  of 
these  one,  No.  51,  was  a  case  of  pneumococcal  pneumonia  with  pneu- 
mococci  in  the  peritoneal  exudate.  In  the  others,  Nos.  35,  165,  176, 
and  194,  the  peritoneal  exudate  contained  the  streptococci.  They 
were  all  rather  old  cases  of  streptococcal  pneiunonia  with  empyema. 
No  origin  could  be  found  for  the  peritoneal  infection  in  the  abdom- 
inal organs,  and  it  may  be  that  extension  of  the  infection  occurred 
through  the  lymphatics  of  the  diaphragm.  Indeed  it  seemed  possible 
to  trace  this  directly  in  Case  194. 
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In  Case  56  there  was  a  gross  extension  of  the  infection  through  the 
diaphragm  so  that  an  abscess-like  accumulation  of  pus  on  the  pleural 
surface  communicated  freely  with  a  similar  enclosed  pocket  on  the 
upper  surface  of  the  liver. 

The  testes  show  in  nearly  all  these  cases  an  extraordinary  change 
which  is  especially  striking  in  the  streptococcal  infections,  although 
occurring  sometimes  in  the  pneimiococcal  infection  and  failing  to 
appear  in  some  of  the  streptococcal  ones.  It  appears  to  consist  in  a 
cessation  of  spermatogenesis  which  has  probably  come  about  through 
a  stoppage  of  mitosis  at  an  early  stage.  In  most  of  the  cases  of 
streptococcal  infection  spermatozoa  are  not  to  be  found  in  the  tubules 
of  the  testis,  although  a  few  may  persist  in  the  seminal  vesicles  em- 
bedded in  the  viscous  fluid  which  is  found  there.  Not  only  are  the 
spermatozoa  absent,  but  in  many  cases  one  looks  in  vain  for  sperma- 
tids or  spermatocytes.  The  spermatogonia  are  always  present,  and 
the  Sertoli  cells  become  very  conspicuous,  but  with  only  these  types 
of  cells  left  the  tubule  is  reduced  to  an  extremely  simple  structure. 

The  interstitial  tissue  is  less  altered  although  frequently  greatly 
increased  in  bulk.  Leydig's  cells  are  generally  unchanged.  It  is 
possible  that  older  changes,  such  as  the  complete  conversion  of  the 
tubules  into  hyaline  strands,  and  even  the  great  thickening  of  the 
interstitial  tissue  may  be  the  remains  of  some  earlier  injury  such  as 
may  have  resulted  from  mimips.  But  the  cessation  of  spermato- 
genesis is  so  constant  that  it  must  be  ascribed  to  the  present  disease. 
Among  the  cases  of  pneumonia  caused  by  the  pneumococcus  two  or 
three  showed  normal  tubules,  but  the  rest  exhibited  various  stages 
in  the  same  process  leading  to  the  interruption  of  formation  of 
spermatozoa. 

This  matter  has  been  discussed  by  Cordes,  who  found  this  condition 
after  many  acute  infections.  Details  of  the  present  material  need 
not  be  given  here. 

Bone  marrow  taken  from  the  femur  in  a  great  number  of  these 
cases  showed  xmiformly  an  increase  in  the  cell  content,  depending 
especially  upon  an  increase  in  the  myelocytes.  It  was  not  different 
from  that  observed  in  many  other  acute  infections  accompanied  by 
leucocytosis. 
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In  Cases  187  and  205  there  was  found  a  symmetrical  rupture  of  the 
two  sides  of  the  rectus  abdominis  in  its  lower  third.  The  separation 
of  these  torn  ends  was  accompanied  by  the  production  of  a  consider- 
able hematoma  such  as  is  often  seen  in  the  same  position  in  typhoid 
fever — ^the  so  called  Zenker's  degeneration  of  the  muscle.  Study  of 
these  and  other  rectus  abdominis  muscles  shows  that  there  is  a  most 
extensive  hyaline  degeneration  of  the  fibers  which  are  broken  into 
irregular  masses  of  glassy  material  with  no  trace  of  the  former  stria- 
tions.  These  become  surrounded  by  the  concentrated  nuclei  of  the 
sarcolemma  sheath  and  new  cellular  connective  tissue  springs  up  be- 
tween them.  Before  long  such  weakened  muscles  tear  with  cough- 
ing or  some  other  strain  and  the  hemorrhage  occurs.  In  Case  187  the 
streptococcus  was  found  in  the  bloody  fluid,  but  in  the  other  there 
were  no  bacteria.  In  Case  192  there  was  no  such  rupture,  but  al- 
though the  rectus  muscle  looked  normal  it  showed  microscopically  a 
very  extensive  degeneration  of  its  fibers  (Fig.  49).  Muscle  taken 
from  the  corresponding  point  in  several  other  cases  failed,  however,  to 
show  any  degeneration.  It  seems  probable  that  this  is  not  the  direct 
effect  of  infection,  but  that  it  is  caused  by  some  toxic  process  after 
which  bacteria  may  lodge  on  the  necrotic  material. 

In  another  case,  No.  45,  in  which  the  pneumococcus  was  found  in 
the  pneumonic  lesion  there  were  symmetrically  placed  abscesses  in 
the  same  position  occupying  most  of  the  substance  of  the  lower  third 
of  the  rectus  abdominis  on  each  side.  In  these  the  pnemnococcus 
was  found.  Several  other  cases  of  this  kind  were  observed  at  Fort 
Worth,  Texas. 

The  lodgement  of  streptococci  in  other  parts  of  the  body,  such  as 
the  bones,  joints,  and  muscles,  appears  not  to  be  very  common. 

In  Case  176  in  which  there  was  an  old  empyema  there  was  found 
an  extensive  abscess  among  the  muscles  of  the  neck  reaching  upward 
toward  the  left  ear  and  downward  past  the  dome  of  the  pleura  into  the 
muscles  between  the  scapula  and  the  vertebral  colmnn.  How  the 
infection  reached  this  region  is  not  dear.  The  pleural  cavity  was  not 
in  communication  with  the  abscess,  and  the  shoulder  joint  was  normal 
although  surrounded.  It  seemed  possible  that  it  might  have  been 
due  to  extension  from  the  pleura,  but  this  was  not  proven.  In  no 
other  case  was  there  any  such  area  of  infection  away  from  the  res- 
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piratory  organs  themselves.  Nevertheless  I  have  heard  from  various 
surgeons  of  the  occurrence  of  abscesses  in  the  muscles  and  subcuta- 
neous tissues  in  different  localities.  Although  joint  infections  have 
been  described  we  met  with  none  in  these  cases. 

The  question  of  the  existence  of  a  streptococcal  septicemia  is  much 
discussed  and  there  are  differences  of  opinion  on  the  point.  We 
have  made  in  all  about  100  blood  cultures'  from  the  circulating  blood 
taken  from  the  arm  vein  at  various  times  before  death  with  the  usual 
technique  of  adding  the  blood  to  sterile  broth,  etc.,  but  none  of  these 
cultures  gave  a  positive  result  except  when  they  were  taken  just 
before  death.  Even  then  there  were  very  few  positive  results  and 
the  contrast  between  this  organism  and  the  pneimiococcus  is  made 
more  striking  by  the  fact  that  in  the  cases  in  which  lobar  pnemnonia 
is  found  combined  with  interstitial  bronchopnemnonia  the  pneimio- 
coccus has  been  isolated  from  the  circulating  blood,  but  not  the  strep- 
tococcus. Of  course  after  death  the  heart's  blood  gives  invariably  a 
culture  of  the  streptococcus.  It  seems  that  the  conditions  produced 
by  the  streptococcus  are  once  more  comparable  with  those  produced 
by  the  tubercle  badllus,  because  in  chronic  phthisis  we  do  not  find  the 
tubercle  bacilli  circulating  in  the  blood  as  must  be  the  case  in  gener- 
alized miliary  tuberculosis;  nevertheless  scattered  tubercles  in  all  the 
organs  attest  the  fact  that  at  least  a  few  tubercle  bacilli  are  able  to 
enter  the  blood  stream.  So  with  the  hemolytic  streptococcus.  Its 
distribution  is  chiefly  local  in  the  respiratory  tract,  but  enough  strep- 
tococci may  from  time  to  time  enter  the  blood  stream  to  give  rise  to 
an  occasional  abscess. 

4.  Lobar  Pneumonia. 

Case  18, — ^J.  P.  W.,  age  30  yrs.  Previous  history  negative.  Developed  cold 
and  hoarseness  Jan.  14, 1918.  Entered  hospital  Jan.  26,  with  nausea  and  vomit- 
ing, chill,  fever,  and  cough.  Pain  in  back  and  right  shoulder.  Dulness,  prolonged 
expiration,  increased  vocal  fremitus,  and  crepitant  r&les  over  lower  left  back. 
Leucocytes  19,000.  Temperature  104-101*  F.,  pulse  100-150,  respiration  26-50. 
Developed  signs  of  consolidation  at  right  base  Feb.  1  and  died  Feb.  3.  Autopsy 
Feb.  3. 

*  These  cultures  were  made  by  the  Conmiission  in  Texas,  and  at  Camp  Dodge 
by  Captain  Sellards  and  Lieutenant  Toomey. 


Digitized  by 


Google 


94  PNEUMONIA  IN  ASMY  CAMPS 

Anatomical  Diagnosis:  Lobar  pneumonia  (left  lung)  with  fibrinous  pleuritis. 

Left  pleural  cavity. — Obliterated  by  fresh  fibrinous  adhesions  anteriorly,  but  in 
the  posterior  part  there  are  200  cc.  of  turbid  fluid.  The  lung  is  covered  with  an 
edematous  layer  of  fibrin  measuring  2  cm.  in  thickness  in  places.  Right  pleural 
caoity. — Contains  no  fluid,  surfaces  glistening.  Left  lung. — ^The  upper  lobe  is  air- 
containing  anteriorly,  but  in  its  posterior  portion  is  completely  and  imiformly 
consolidated.  In  the  anterior  portion  there  is  also  a  patchy  consolidation  with  a 
few  masses  of  yellowish  fibrinous  material  embedded  in  the  substance  of  the 
Itmg.  In  other  places  the  walls  of  the  vessels  and  bronchi  are  edematous.  In 
the  lower  lobe  the  consolidation  is  uniform  and  of  a  greyish  red  color.  It  is 
distinctly  produced  by  the  filling  of  the  alveoli  with  exudate.  Right  lung. — With 
the  exception  of  the  posterior  portions  of  the  upper  and  lower  lobes  which  are 
atelectatic  and  a  small  area  of  consolidation  in  the  upper  lobe,  the  lung  is  air- 
containing.    The  bronchi  are  normal  in  appearance. 

Microscopic  Examination. — ^The  left  Itmg  shows  a  loose  thick  layer  of  fibrin  upon 
its  surface.  The  pleura  itself  is  slightly  thickened  by  hyperemia,  edema,  infil- 
tration of  leucoc3rtes,  and  some  new  formation  of  connective  tissue  cells.  The 
layer  of  cells  lining  the  pleural  cavity  is  still  visible,  however,  and  no  organization 
of  the  overlying  fibrin  has  occurred.  Numerous  pneumococci  can  be  seen  scat- 
tered through  the  layer  of  fibrin  and  usually  enclosed  in  phagoc3rtic  leucoc3^es. 
The  same  condition  is  found  in  the  interlobular  space  where  the  surfaces  are 
boimd  together  by  fibrin,  but  there  organization  appears  to  have  begun. 

The  bronchi  contain  an  exudate  of  leucocytes  and  red  corpuscles.  The  alveoli 
are  uniformly  filled  with  an  exudate  of  red  corpuscles,  leucocjrtes,  and  fibrin. 
Pneumococci  are  seen  scattered  diffusely  in  the  exudate,  both  in  the  bronchi 
and  alveoli.  It  is  clear  that  the  fibrin  is  more  conspicuous  in  the  alveoli  adjoin- 
ing the  interlobular  septa,  but  organisms  are  not  obviously  more  abundant  in 
the  more  central  parts  adjacent  to  the  bronchi.  The  alveolar  walls  are  distinctly 
infiltrated  with  leucocytes  and  occasional  mononudeitr  cells.  So  too  are  the 
b]:pnchial  walls  and  walls  of  blood  vessels,  as  well  as  the  interlobular  septa.  This 
is  not  enough  to  make  them  prominent,  however,  and  in  general  all  these  struc- 
tures are  but  slightly  thickened.  The  l3rmphatics  in  the  bronchial  walls,  adven- 
titia  of  blood  vesseb,  interlobular  septa,  and  pleura  are  greatly  distended  with  a 
network  of  fibrin  entangling  red  corpuscles  and  leucocytes.  In  these  pneumococci 
are  found.  Some  of  these  Ijrmphatics  are  enormous  and  readily  visible  to  the 
naked  eye  as  yellow  beaded  strands  in  the  consolidated  lung. 

The  bronchial  Ijrmph  glands  are  extremely  hyperemic  and  the  afferent  lymph 
sinuses  are  greatly  distended  with  red  corpuscles  and  large  phagocytic  mono- 
nuclear cells.  Pneumococci  are  abundant  there,  but  there  are  few  in  the  remainder 
of  the  gland. 

Cultures  showed  Pneumococcus  Type  IV  from  the  heart's  blood  and  both 
limgs. 
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Case  IP, — ^B.  N.,  age  27  3n:8.  Previous  history  negative.  Taken  sick  suddenly 
Jan.  29,  1918,  with  vomiting  and  pain  in  the  right  hypochondriiun.  Enteied 
ho^ital  Jan.  30,  and  on  Jan.  31  complained  of  acute  pain  in  right  chest.  Dulness 
over  upper  lobe  of  right  Itmg.  Leucocytes  18,800.  .Temperature  101-103®  F., 
falling  to  99**  before  death.    Pulse  90-130.    Died  Feb.  3.    Autopsy  Feb.  4. 

Anatomical  Diagnosis:  Lobar  pneumonia  (right  upper  lobe)  with  fibrinopurulent 
pleurisy.    Fibrinopurulent  pericarditis  with  abundant  effusion. 

Left  pleural  cavity. — Contains  a  little  brown  fluid.  Surfaces  are  covered  over 
the  lower  lobe  by  a  thin  fibrinous  exudate.  The  Itmg  is  adherent  at  the  apex 
posteriorly.  Right  pleural  cavity. — ^The  anterior  portion  of  the  Itmg  is  glued  to 
the  parietal  pleura  and  to  the  pericardial  sac.  Between  the  pericardium  and  the 
mesial  surface  of  the  lung  there  is  an  encapsulated  cavity  containing  about  100 
cc.  of  fibrinopurulent  exudate.  The  posterior  part  of  the  pleural  cavity  b  filled 
with  similar  exudate  which  bathes  the  lower  lobe.  Its  surface  is  covered  with  a 
thick  layer  of  fibrinous  exudate.  The  upper  lobe  is  adherent  by  fresh  fibrinous 
adhesions  to  the  costal  pleura.  Left  hmg. — ^Air-containing  throughout.  The 
bronchial  glands  are  soft  and  pigmented  but  not  enlarged.  Bronchi  are  pale  and 
contain  sticky  mucus.  Right  lung. — ^The  upper  lobe  is  uniformly  consolidated, 
the  cut  surface  showing  a  greyish  red  exudate  which  fills  all  the  alveoli.  The 
interlobular  septa  are  prominent,  the  bronchi  distended  with  opaque  yellow 
exudate.  The  middle  and  lower  lobes  are  almost  entirely  collapsed  except  in 
their  anterior  margins.  There  is  no  consolidation.  Pericardium. — ^The  peri- 
cardial sac  contains  550  cc.  of  a  thick  greenish  turbid  fluid  with  floating  shreds 
of  fibrin.    The  surfaces  are  thickly  covered  with  yellowish  fibrinous  exudate. 

Microscopic  Examination. — ^The  consolidated  t>art  of  the  right  lung  shows  a 
thin  pleura  with  a  covering  of  fibrin  which  is  not  organized;  the  lining  cells  of  the 
pleura  are  still  visible.  The  interlobular  septa  are  widened  and  edematous,  and 
a  network  of  fibrin  extends  throughout  their  length.  Nmnerous  pneumococd 
are  found  scattered  through  the  fibrinous  exudate  on  the  pleura  and  many  are 
enclosed  in  phagocytes.  The  bronchi  contain  a  purulent  exudate.  The  walls 
are  slightly  thickened  and  infiltrated  with  mononuclear  cells.  The  alveolar  walls 
are  in  general  thin  but  some  are  infiltrated  with  leucocytes,  and  in  the  neighborhood 
of  the  large  vessels,  broad  interlobular  septa,  and  pleura  there  is  a  thickening  of 
the  alveolar  walls  by  mononuclear  infiltration. 

In  the  alveoli  the  exudate,  composed  of  red  corpuscles,  leucoc3rtes,  and  fibrin, 
is  loaded  with  pneumococd  which  are  uniformly  scattered.  Some  of  them  are  in 
phagocytes.  Even  the  alveolar  walls  are  occasionally  invaded  by  them.  The 
l3rmphatics  are  everywhere  greatly  distended  with  a  dotted  exudate  of  leucocytes 
and  mononudears  together  with  large  quantities  of  pneimiococd. 

There  b  a  fresh  pericarditb.  The  lining  layer  of  ceUs  b  still  complete  and  the 
fibrinous  exudate  is  alternately  con^>act  and  loose. 

Cultures  from  the  lung  show  Pneumococcus  Type  11. 
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Case  25. — F.  G.  W.,  age  24  )rrs.  Previous  history  negative.  Measles  and 
mumps  at  6  years.  On  Jan.  30,  1918,  had  a  chill  followed  by  fever  and  pain  in 
right  side.  Entered  hospital  Feb.  1,  expectorating  rusty  sputtmi.  Dulness 
and  tubular  breathing  over  both  sides  posteriorly.  Extreme  cyanosis.  Leuco- 
cytes 19,800.  Temperature  99-103*  F.,  pulse  110-140,  respu^tion  25-35.  Died 
Feb.  6.  On  accoimt  of  the  coarse  bubbling  r&les  it  was  suggested  that  the  pneu- 
monia was  in  the  stage  of  resolution.  Cultures  from  sputum  and  circulating 
blood  gave  Pneumococcus  Type  n.    Autopsy  Feb.  6. 

Anatomical  Diagnosis:  Lobar  pneumonia  (bilakral).    Fibrinous  pleuriHs. 

Left  pleural  cavity, — Contains  no  excess  of  fluid.  There  are  old  adhesions  over 
the  posterior  portion  of  the  Itmg.  Right  pleural  cavity. — Surfaces  are  glued 
together  by  fibrin  and  there  is  no  fluid.  Left  lung. — ^The  upper  lobe  is  soft  and 
cushiony  and,  although  much  pigmented,  is  air-containing  throughout  except  for 
small  areas  of  consolidation  in  the  lowermost  portion.  The  lower  lobe  shows  ex- 
tensive though  somewhat  patchy  consolidation  in  which  the  individual  alveoli  are 
seen  to  contain  plugs  of  exudate.  Right  lung. — ^The  anterior  part  of  the  upper  lobe 
is  air-containing.  The  posterior  part  of  the  upper  lobe,  the  whole  of  the  middle 
lobe,  and  all  of  the  lower  lobe  except  the  lowermost  margin  are  consolidated. 
This  consolidated  tissue  on  section  is  smooth  and  grey  and  uniform  in  appear- 
ance; the  alveoli  are  not  easily  made  out  to  contain  individual  plugs. 

Microscopic  Examination. — ^The  right  Itmg  shows  an  intraalveolar  consolida- 
tion which  stops  sharply  at  the  limit  of  the  lobe.  The  interlobar  cleft  is  filled 
with  fibrin  entangling  a  few  leucocytes.  The  pleural  cells  are  well  preserved 
and  on  the  pleural  surface  covered  with  a  thin  layer  of  fibrin  which  is  not  organ- 
ized. The  bronchi  show  no  modification  of  their  walls  except  a  subepithelial 
accumulation  of  pol3rmorphonuclear  leucoc3rtes.  The  lumen  of  each  bronchus 
b  filled  with  leucocytes.  The  alveolar  walls  are  distinctly  thickened  (Fig.  50) 
through  the  accumulation  of  polymorphonuclear  leucocytes  between  the  capil- 
laries and  within  the  substance  of  the  alveolar  wall  in  such  a  way  as  to  lift  up 
from  the  capillaries  into  rounded  eminences  what  seems  to  be  a  very  thin  struc- 
tureless membrane  upon  which  the  alveolar  ^ithelium  lies.  The  thickening  is 
thus  very  uneven  and  the  alveolar  surface  of  one  of  the  walls  presents  a  series 
of  mammillations.  In  general  the  epithelial  cells  are  greatly  swollen  and  most 
of  them  are  desquamated.  The  alveoli  contain  a  loosely  attached  and  rather 
shrunken  network  of  fibrin  with  granular  looking  leucoc3rtes  and  very  numerous 
large  round  mononuclear  cells  which  are  active  phagocytes  and  are  stuffed  with 
fragments  of  leucocytes.  Pneumococci  have  been  found  by  Weigert's  stain  in 
small  numbers.  There  is  much  pigment  in  the  Itmg,  and  interlobular  septa  as 
well  as  vessel  and  bronchial  walls  are  loaded  with  it.  Other  portions  of  the  lung 
where  there  is  no  consolidation  are  normal  except  for  this. 

Cultures  from  the  lung  showed  Pneumococcus  Type  11. 

Case  33. — D.  K.,  age  21  yrs.  Began  about  Jan.  5  with  a  cold  and  chilly  feel- 
ing after  exposure  to  rain.    Entered  hospital  Jan.  9,  1918,  with  fever,  headache, 
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cough,  and  a  macular  eruption  which  was  diagnosed  measles.  Jan.  11,  pain  in 
both  ears.  Drums  incised  and  pus  discharged.  Jan.  20,  much  cough  with  r&les 
over  whole  chest.  Feb.  1,  dulness  in  both  lower  lobes.  Feb.  5,  leucocytes  8,600. 
Temperature  very  irregular,  varying  daily  from  97-103**  F.,  pulse  80-110.  On 
Feb.  7  rash  had  disappeared,  throat  not  reddened.  Dulness  merging  into  flat- 
ness over  left  lower  lobe  with  tubular  breathing  in  that  area.  Elsewhere  indefinite. 
Thoracentesis  on  the  left  side  below  the  angle  of  the  scapula  gave  60  cc.  of  bloody 
fluid  which  contained  Gram-positive  insoluble  cocci  apparently  streptococci. 
The  sputiun  contained  similar  cocci  and  influenza  bacillus.  Blood  culture  on  this 
day  gave  Pneumococcus  Type  IV.  Feb.  8,  patient  very  ill;  temperature  104*. 
Limgs  resonant  anteriorly  with  large  rMes.  Died  Feb.  10,  at  4  a.m.  Autopsy 
Feb.  10,  10  a.m. 

Anatomical  Diagnosis:  Bilateral  lobar  pneumonia. 

Left  pleural  cavity. — Contains  800  cc.  of  greenish  yellow  fluid  with  shreds  of 
fibrin.  The  pleural  surfaces  are  shaggy  and  covered  with  a  fine  honey-combed 
layer  of  fibrinous  exudate.  Right  pleural  cavity, — Contains  no  excess  of  fluid; 
there  are  some  fresh  adhesions  over  the  posterior  surface  of  the  lung  which  are 
easily  broken  through.  There  are  also  interlobar  adhesions  which  are  rather 
lax.  Left  lung, — ^The  upper  lobe  b  in  general  air-containing,  although  in  its 
lower  part  there  are  a  few  yellowish  opaque  patches  surrounded  by  hyperemia 
zones.  The  lower  lobe  b  quite  uniformly  consolidated,  the  alveolar  exudate 
projecting  as  minute  granules  which  give  the  cut  surface  a  reddish  grey  color. 
The  septa  are  not  conspicuous.  The  bronchi  are  somewhat  reddened,  the 
bronchial  glands  enlarged.  Right  lung. — ^The  anterior  portions  of  all  the  lobes 
are  dbtended  with  air.  The  upper  lobe  b  air-containing  except  in  its  lower 
portion  where  there  b  a  patch  of  imiform  consolidation.  There  are  pretty  dense 
interlobar  adhesions.  The  middle  lobe  contains  only  a  few  small  foci  of  con- 
solidation which  are  grey  and  prominent.  The  lower  lobe  shows  a  rather  peculiar 
dbtribution  of  the  consolidation.  There  b  a  wedge-shaped  area  extending  up- 
ward and  backward  from  the  hilum  and  about  3  cm.  in  width  at  its  base  at 
the  pleura.  There  b  also  a  large  irregular  area  measuring  about  10  by  5 
cm.  which  extends  through  most  of  the  lower  and  posterior  part  of  the  lobe. 
These  are  greyish  red  and  imiformly  consolidated.  Between  these  and  below  the 
lower  one  there  are  air-containing  portions  of  the  Ixmg.  The  bronchi  are  only 
slightly  reddened  and  not  thickened  or  prominent.  The  interlobular  septa  are 
rather  con^icuous.  The  lymph  glands  at  the  hilum  are  large  and  soft.  Other 
organs  show  no  especial  alteration. 

The  blood  post  mortem  gave  Streptococcus  hctmolyticus  and  the  influenza  bacillus. 
Cultures  from  both  limgs  gave  Streptococcus  hctmolyticus  alone. 

Microscopic  Examination. — ^The  consolidated  tissue  from  the  left  lower  lobe 
shows  a  typical  lobar  pneiunonia.  The  pleura  is  covered  with  a  thin  layer  of  fibrin 
with  numerous  leucocytes  and  innumerable  coed  in  pairs.  The  pleural  membrane 
itself  is  hyperemia  but  not  especially  thickened  or  infiltrated  and  there  b  no 
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trace  of  organization  of  the  overlying  fibrin.  The  interlobar  spaces  present  the 
same  appearance.  The  bronchi  contain  a  purulent  exudate  with  enormous 
numbers  of  coed  in  pairs.  There  are  also  great  niunbers  of  influenza  bacilli. 
There  is  a  slight  infiltration  of  their  walls  with  leucoc3rtes  and  a  few  mono- 
nuclear cells,  but  this  is  relatively  incon^icuous.  The  alveolar  walls  are  normal 
in  thickness  and  are  nowhere  infiltrated  with  cells.  The  capillaries  seem  to  be 
on  the  whole  rather  empty  and  compressed.  The  alveoli  are  closely  packed 
with  leucocytes.  Those  nearest  the  atria  and  bronchioles  are  especially  full 
of  these  leucoc3rte8,  while  in  the  peripheral  parts  of  the  lobule  fibrin  occupies  a 
part  of  the  space.  The  leucocytes  are  disintegrating  and  although  in  most  places 
the  nuclei  are  well  preserved  the  cell  outline  is  ragged  or  indistinct.  Red  cor- 
puscles are  scarcely  seen.  The  leucocytes  have  acted  as  phagocytes  and  many 
of  them  appear  as  rounded  packets  of  micrococcL  The  bact^ia  are  numerous 
especially  in  the  alveoli  which  are  centrally  placed  and  free  of  fibrin.  These 
are  rather  elongated  coed  in  pairs  arranged  stiffly  and  suggesting  pneumococd 
rather  than  streptococd.  Their  distribution  is  that  of  pneumococd  also.  The 
interlobar  septa  are  rather  wide  and  are  infiltrated  with  fluid  and  fibrin.  The 
blood  vesseb  and  l3rmphatics  which  run  in  these  septa  contain  leucocytes  and 
fibrin  with  many  organisms.  The  bronchial  glands  show  a  great  collection  of 
large  pha^;ocytic  cells  in  their  sinuses  which  are  much  widened  to  accommodate 
them. 

Other  portions  of  the  Itmg  aside  from  the  consolidated  area  show,  especially 
in  the  lower  lobe  of  the  right  side,  a  great  deal  of  edema.  The  bronchi  are  in 
most  places  filled  with  leucocytes  and  there  is  a  slight  infiltration  of  their  walls. 
In  the  alveoli  which  contain  fluid  there  are  great  numbers  of  coed.  These  are 
commonly  collected  about  minute  rounded  spaces  so  that  they  lie  in  the  fluid  on 
the  surface  of  these  bubble-like  spaces.  Such  spaces  are  no  larger  than  a  leuco- 
cyte and  often  form  a  network  in  the  coagulated  fluid  contents  of  the  alveolus. 
In  most  places  the  same  stiff  arrangement  of  the  coed  in  pairs  is  seen,  but  in 
some  alveoli  there  are  bacteria  of  different  form.  There  are  minute  round  coed 
arranged  in  long  wavy  or  twisted  chains.  These  are  evidently  str^tocoed  and 
distinguishable  by  their  morphology  even  in  the  tissue.  They  are  not  abundant 
and  the  pneumococd  seem  well  preserved  so  that  it  is  remarkable  that  strepto- 
cocd alone  were  recovered  in  cultures  from  the  lung.  Other  organs  show  no 
e^>ecial  alteration. 

Case  36,— J,  W.,  age  29  yrs.  No  history  of  measles.  Entered  hospital  Jan. 
19, 1918,  complaining  of  difgane&s  and  headache,  pain  in  left  side  of  chest,  cough, 
and  expectoration  of  blood-streaked  sputum.  Throat  negative.  Signs  of  con- 
solidation in  lower  lobes  of  both  limgs.  Blood  culture  negative.  Leucocytes 
40,800.  Urine  shows  faint  trace  of  albumin,  otherwise  negative.  Temperature 
102-105''  F.,  gradually  falling  to  98''  at  time  of  death.  Pulse  about  100,  respura- 
tion  30-40.  Sputum  showed  Pneumococcus  Type  L  Was  given  antipneumo- 
coccus  serum  Jan.  19.    Feb.  1,  feet  became  edematous.    Insomnia  on  ojpcount  of 
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.  d3r8pnea.  Urine  shows  albumin,  pus  cells,  blood,  and  granular  casts.  Died  Feb. 
12, 1918.    Autopsy  Feb.  12, 1918. 

Anatomical  Diagnosis:  Lobar  pneumonia  with  encapsulated  empyema  (left).  Sero* 
fibrinous  pleuritis  (right).    Subacute  pericarditis.    Acute  nephritis. 

Left  pleural  cavity. — Contains  a  considerable  quantity  of  thick  greenish  yellow 
pus  which  is  encapsulated  in  several  distinct  and  non-communicating  pockets.  The 
largest  of  these  pofckets  containing  about  300  cc.  of  pus  lies  between  the  anterior 
border  of  the  lower  lobe  and  the  pericardium.  The  other  pockets  are  between  the 
lower  lobe  and  the  lateral  chest  wall.  Posterior  to  t}ie  upper  lobe  there  is  an- 
other encapsulated  empyema  cavity  containing  250  cc.  of  pus.  Elsewhere  the 
pleural  cavity  b  obliterated  by  dense  fibrous  adhesions.  RighS  pleural  cavity. — 
Contains  about  500  cc.  of  blood-stained  fluid.  The  lung  is  collapsed  and  adherent 
over  the  posterior  surface  by  fibrinous  exudate.  Pericardium. — ^The  pericardial 
sac  b  obliterated  by  fresh  fibrous  adhesions  except  for  two  small  pockets  which 
contain  blood-stained  fluid.  The  heart  shows  no  other  abnormality.  Left  lung. — 
The  pleura  is  thick  and  yellowish  with  abscess-like  spaces  in  the  substance.  In 
places  it  is  lifted  up  from  the  Itmg  by  accumulations  of  fluid.  Both  lobes  of  the 
Itmg  are  flabby  and  airless.  In  the  upper  lobe  there  b  a  small  moderately  firm 
but  rather  spongy  area  in  the  posterior  part  hear  the  hilum.  In  general  the  sub- 
stance of  the  lobe  b  reddish  grey  in  color  and  in  the  posterior  part  there  b  a 
grey  patch  of  loose  consolidation.  There  are  no  small  areas  of  focal  consolidation. 
The  cut  surface  of  the  lower  lobe  b  also  greybh  red,  but  there  are  a  few  hemor- 
rhagic areas  which  measiure  2  to  4  mm.  in  diameter  and  project  above  the  surrotmd- 
ing  Itmg  tissue.  The  bronchi  are  very  h3rperemic,  and  the  bronchial  glands  are  very 
soft.  Right  lung. — ^The  pleura  b  thickened  and  covered  with  a  thin  fibrinous  ex- 
udate which,  however,  appears  as  a  visdd,  bloody  fluid  between  the  lung  and  the 
diaphragm.  The  lobes  are  all  easily  dbtended  with  air.  On  section  the  cut  surface 
b  gre3dsh  red  in  color  and  there  are  no  areas  of  consolidation.  Bronchial  mucosa 
b  reddened.  Bronchial  glands  are  not  enlarged.  Kidneys. — ^Right  kidney  meas- 
ures 15  by  8  by  4.5  cm.  The  capsule  strips  off  readily  leaving  a  smooth  greyish 
purple  surface  on  which  can  be  seen  nimierous  small  hemorrhages.  On  section 
the  cortex  measures  8  mm.  in  width,  b  dark  gre3rbh  red  and  opaque,  and  b  studded 
with  niunerous  small  hemorrhages.  Glomeruli  are  visible  as  small  dots.  The 
mucosa  of  the  pelvb  b  injected.    The  left  kidney  b  quite  similar. 

Cultures  from  the  pleural  fluid  gave  Pneumococcus  Type  I  and  Streptococcus 
h(tmolyticus.    Those  from  the  left  lung  gave  the  streptococcus  alone. 

Microscopic  Examination. — ^The  left  limg  shows  in  the  consolidated  areas  a 
rather  lax  filling  of  the  alveoli  with  leucocytes  together  with  a  ragged  network  of 
fibrin.  There  are  enormous  numbers  of  organisms,  most  of  which  lie  free  among 
the  leucocytes.  They  are  lanceolate  diplococd  and  seem  to  possess  a  definite 
capsule.  There  b  some  infiltration  of  the  bronchial  and  vessel  walb  and  even  of 
the  alveolar  walb,  but  it  b  chiefly  with  polymorphonuclear  leucocjrtes,  there 
being  relatively  few  mononuclear  celb.    There  b  no  marked  thickening  of  the 
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bronchial  walls  or  infiltration  of  the  interlobular  septa.  There  is  no  organiza- 
tion of  the  intraalveolar  exudate.  Even  in  distant  and  relatively  unaffected  parts 
of  the  lung  there  is  some  infiltration  of  the  alveolar  walls  with  leucocytes.  The 
pericardium  shows  a  thick  layer  of  fresh  granulation  tissue  binding  together  the 
two  layers.    This  is  much  infiltrated  with  leucoc3rtes. 

The  kidney  shows  extensive  changes  in  the  glomeruli,  tubules,  and  interstices. 
The  glomeruli  are  large,  their  capillaries  packed  with  nucleated  cells,  many  of 
which  are  leucocytes.  In  the  capsize  of  Bowman  there  are  in  some  cases  hyaline 
masses  and  strands  which  stain  pink  with  eosin.  In  places  the  capillaries  of  the 
glomerular  tuft  are  adherent  to  the  parietal  wall  of  the  capsule.  The  epitheliiun 
of  the  tubules  shows  rather  advanced  degenerative  changes.  The  tubules  are  in 
many  places  filled  with  blood  and  pol3nnorphonuclear  leucocytes.  So  too  the 
interstitial  tissue  between  the  tubules  of  the  cortex  is  in  many  places  greatly 
widened  and  infiltrated  with  leucocytes. 

Case  40. — B.  M.  G.,  age  28  yrs.  No  history  of  measles.  Caught  cold  on  Jan. 
29, 1918,  and  had  a  chill  followed  by  fever  and  vomiting.  Felt  very  much  nause- 
ated for  several  hoius.  Pain  in  the  right  side  of  chest.  Entered  the  hospital 
Jan.  30,  with  dulness  and  diminished  breath  sounds  in  the  right  chest  behind. 
Left  side  apparently  normal.  Sputiun  bloody  with  Pnemnococd  Type  IV. 
Leucoc3rtes  30,000.  On  Feb.  8  temperature  fell  to  normal,  but  the  next  day  it  rose 
again,  and  from  that  time  to  death  showed  great  variations.  Patient  very  ill  and 
unconscious.  Stiffness  of  neck  and  arms.  Death  Feb.  13,  1918.  Autopsy  Feb. 
14, 1918. 

Anatomical  Diagnosis:  Lobar  pneumonia  with  fibrinous  fleurUis. 

Left  pleural  caw^y.— Contains  150  cc.  of  blood-stained  fluid.  There  are  old 
fibrous  adhesions  over  the  whole  lung  posteriorly  and  between  the  lobes.  Right 
pleural  cavity. — Entirely  obliterated  by  light  fibrinous  adhesions  which  are  easily 
torn  through.  There  is  no  fluid.  Lejt  lung. — ^Air-containing  throughout,  but  a 
few  bronchi  in  the  posterior  portion  of  the  upper  lobe  contain  plugs  of  exudate. 
Their  walls  are  thick  and  greyish.  Right  lung.—Tht  pleural  surface  fa  dull  and 
covered  with  a  thin  fibrinous  exudate.  On  section  the  lung  fa  foimd  to  be  uni- 
formly consolidated  throughout  and  grey  in  color  except  for  a  few  lobules  in  the 
central  portion  of  the  lower  lobe  which  are  red  and  loosely  consolidated.  The 
alveoli  are  everywhere  filled  with  plugs  of  exudate  which  project  above  the  cut 
surface  giving  it  a  roughened  appearance.  The  interlobular  septa  are  rather  con- 
spicuous in  the  lower  lobe. 

Microscopic  ExaminaUon. — ^The  left  lung  shows  no  alteration  except  the  bron- 
chial changes  in  the  upper  lobe  which  prove  to  be  tuberculous.  Sections  through 
the  consolidated  right  lung  show  a  perfectly  imiform  filling  of  the  alveoli  with 
masses  of  exudate  composed  of  leucoc3rtes  and  fibrin.  The  fibrin  has  become 
compact ;  the  leucocytes  are  disintegrated.  There  are  also  desquamated  epithelial 
cells  and  some  large  phagocytes,  which  contain  cell  fragments.  There  are  many 
coed  in  short  chains  which  are  presxunably  pneiunococci  although  no  cultures 
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were  made  and  some  of  them  look  like  streptococci.  The  walls  of  the  alveoli  are 
not  thickened  and  the  finer  structure  appears  imchanged.  The  pleiira  is  thick* 
ened  and  vascularized  and  is  covered  with  a  thin  layer  of  fibrin.  In  it  there  are 
l3rmphatics  which  contain  masses  of  leucocytes  and  large  phagocytes.  The  inters 
lobular  septa  are  wide  and  dense. 

Bronchi  and  blood  vessels  show  in  many  cases  a  definite  mononuclear  infil« 
tration  of  the  walls.  Nevertheless  in  most  of  the  smaller  vessels  the  infiltration  is 
largely  in  the  adventitial  l3rmphatics  and  is  composed  of  polymorphonuclears. 
Near  the  pleura  the  exudate  in  many  alveoli  has  imdergone  organization. 

Case  45, — ^J.  K.  S.,  age  19  3rrs.  Measles  when  a  duld.  No  eruption  lately. 
Onset  Jan.  17,  1918,  with  a  chill,  cough,  and  expectoration  of  tenacious,  blood« 
streaked  sputmn.  Fever  and  weakness.  Entered  the  hospital  Jan.  18,  1918, 
with  painful  dyspnea  and  dulness  over  lower  lobes  of  both  lungs  posteriorly.  Leu- 
cocytes 30,000.  Temperature  101-105*F.,  pulse  100-150,  respiration  about 
50-60.  Sputmn  showed  Pnemnococcus  Type  ni  (?).  On  Jan.  25  he  apparently 
had  a  fall  of  temperature  by  l3rsis  but  were  still  very  sick,  coughing  up  purulent 
material.  There  was  still  dulness  posteriorly  over  both  lungs  with  diffuse  crepi- 
tant r41es.  Aspiration  negative  on  both  sides.  Steadily  improved  for  the  next 
week,  but  on  Feb.  1  there  were  still  some  dulness  and  the  same  crepitant  r^les. 
Sputmn  now  showed  Streptococcus  hctmolyticus,  Feb.  12,  limgs  fairly  clear 
throughout.  There  are  a  few  spots  of  dulness  with  crepitant  r^es,  but  the  breath 
sounds  are  mostly  vesicular.  There  was  a  sudden  rise  in  temperature  to  106* 
followed  by  a  fall  to  97^  on  the  14th,  when  he  lapsed  into  coma  and  died  with 
symptoms  of  extreme  dyspnea.  Death  Feb.  18, 1918, 10  a.m.  Autopsy  Feb.  18, 
1918, 11  a.m. 

Anatomical  Diagnosis:  Induratioe  and  organizing  Pneumonia  with  abscesses  and 
pleural  adhesions.  Acute  aortic  endocarditis.  Bilateral  abscesses  of  rectus  abdominis. 
Acute  splenic  tumor.    Duodenal  ulcer. 

Right  and  left  pleural  cavities. — ^The  cavities  contain  no  fluid.  The  surfaces  are 
boimd  together  everjrwhere  by  organized  adhesions  which  are  thin,  delicate,  and 
veO-Uke.  Heart. — Pericardium  is  normal.  The  heart  is  not  enlarged,  contains 
only  postmortem  clot.  The  endocardium  is  smooth  throughout  except  over  the 
aortic  valve.  The  right  coronary  and  posterior  leaflets  are  occupied  by  large  red- 
dish yellow  masses  which  in  each  case  bulge  in  roimded  forms  both  into  the  sinus 
and  into  the  ventricle  penetrating  the  leaflet.  The  right  coronary  orifice  is  not 
involved  and  the  coronary  vessels  are  normal  throughout.  The  other  valves  are 
delicate  and  competent.  The  heart  muscle  is  greyish  red  and  imiform  in  appear- 
ance. Left  lung. — ^The  limg  is  small  but  very  cushiony  throughout  as  though 
everjrwhere  air-containing.  The  bronchi  exude  a  thick  purulent  fluid.  On  section 
the  tissue  is  yellowish  brown  in  color  and  in  general  air<ontaining,  but  through 
the  lower  lobe  there  is  a  network  of  greyish  yellow  strands  which  are  irregular 
in  outline  and  firmer  than  the  surrounding  tissue.  In  places  these  are  rather  trans- 
lucent, in  other  places  much  more  opaque  than  the  adjacent  tissue.   The  upper 
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lobe  is  more  imiformly  air-containing,  but  it  too  shows  a  few  firm  patches  like  those 
in  the  lower  lobe.  These  are  not  specially  related  to  the  bronchi  which  are  practi- 
cally normal  in  appearance.  Righl  lung. — ^This  limg  is  in  general  air-containing, 
but  there  are  scattered  through  the  whole  organ  such  strands  of  condensed  tissue 
as  form  a  network  in  the  left  limg.  This  particular  appearance  is  more  distinct 
after  the  limg  has  been  hardened  when  there  appear  normal  spongy  portions  in  the 
rather  small  meshes  of  the  close  network  of  denser  tissue.  This  denser  tissue  has 
not  the  appearance  of  a  pneumonic  consolidation  but  suggests  the  possibility  of 
organization  and  contraction  of  an  old  pneumonic  exudate.  The  upper  lobe 
contains  in  addition  a  small  group  of  abscesses  each  measuring  3  to  5  mm.  in 
diameter  and  filled  with  yellow  pus.  In  the  anterior  part  of  the  lower  lobe  the 
tissue  is  entirely  solid,  dense,  and  grey.  There  are  two  small  abscesses  in  this 
area.  Stomach  and  duodenum. — ^Just  below  the  pylorus  there  is  an  ulcer  about  1 
cm.  in  diameter  in  the  mucosa  of  the  duodeniun.  The  maigins  are  not  indurated; 
the  pancreas  is  not  adherent  to  the  base  of  the  ulcer.  Rectus  abdominis  muscle. 
— ^There  is  an  abscess  measuring  1  by  4  cm.  in  the  substance  of  each  rectus  muscle 
about  the  junction  of  middle  and  lower  thirds.  These  abscesses  are  exactly  sym- 
metrical in  position.  They  contain  a  thick,  sticky  green  pus  and  are  lined  by  a 
yellowish  wall  which  is  stained  brown  in  its  deeper  portions. 

Cultures  at  autopsy  gave  the  following  results:  Right  lung,  B.  influentm^ 
Staphylococcus  aureus  (hemolytic),  Streptococcus  hcsmolyticusy  and  no  pneumo- 
coccus.    Heart  valve  and  abscess  in  rectus  muscle,  Pneumococcus  Type  I. 

Microscopic  Examination. — ^The  lungs  show  practically  the  same  changes. 
The  pleura  is  slightly  thickened  and  vascular  with  some  infiltration  of  wandering 
cells.  There  are  on  the  surface  remains  of  dense  fibrin  and  groups  of  the  original 
lining  cells  of  the  pleura. 

The  interlobular  septa  are  not  especially  thickened.  The  bronchi  show  prac- 
tically no  changes  in  their  walls  although  most  of  them  are  filled  with  leucocytes. 
The  epithelium  is  in  general  intact  and  the  connective  tissue  and  muscular  layers 
of  the  wall  are  compact  and  show  very  few  wandering  cells. 

On  the  other  hand,  the  alveolar  walls  in  most  places  are  extraordinarily  thick- 
ened, not  by  infiltration  with  mononuclear  cells  but  by  a  new  formation  of  con- 
nective tissue.  There  are,  it  is  true,  some  mononuclear  wandering  cells  in  the 
substance  of  these  walls  and  many  of  them  are  very  large  and  loaded  with  yellow 
pigment.  The  epitheliiun  is  in  general  complete  but  much  thickened  so  as  to  be 
almost  cubical  in  many  places.  The  alveoli  are  usually  empty  but  there  are 
places  in  which  they  still  contain  leucocytes  and  other  more  extensive  places  in 
which  they  are  filled  by  an  organized  tissue.  This  organization  of  old  exudate 
is  not  very  widespread,  however.  Such  changes  in  the  limg  are  not  unifonnly 
distributed,  but  alternate  with  areas  in  which  the  alveoli  are  overdistended  with 
air  but  are  otherwise  normal.  The  exudate  both  in  the  bronchi  and  alveoli  con- 
tains pneumococci,  very  abundant  influenza  bacilli,  and  occasionally  a  coarse 
streptothrix. 
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Blood  vessels  and  l3rmphatics  are  incon^icuous. 

In  certain  sections  of  the  lung  there  are  found  large  abscesses  with  old  com* 
pact  masses  of  fragmented  leucocytes  forming  the  center  within  a  dense  wall  of 
granulation  tissue. 

Case  46. — F.  W.  S.,  age  23  3rrs.  Had  measles  10  years  ago  according  to  his  own 
account.  Had  no  doctor.  Began  Feb.  5  with  headache,  conjunctivitis,  coryza, 
sore  throat,  and  malaise.  On  Feb.  6  chills  and  fever  with  red  papular  eruption 
on  chest  and  face  next  day.  Admitted  to  hospital  Feb.  7.  On  Feb.  10  had  a 
chill,  vomiting,  and  headache.  Temperature  104^  F.  Feb.  14,  signs  appeared 
in  lungs  for  the  first  time.  There  was  a  period  of  normal  temperature  between 
the  measles  and  the  pneumonia.  Feb.  15,  imcomfortable,  breathless  with  a  grunt 
and  cyanosis.  Dulness  over  left  back  and  axilla,  breath  sounds  tubular  over 
tip  of  lower  lobe.  Bronchophony  and  whispered  pectoriloquy  here.  Tactile 
fremitus  diminished.    Died  Feb.  18,  11  a.m. 

Sputum  on  Feb.  15  shows  Pnetunococcus  Type  l^tiao  Streptococcus  hatnolyticus. 
Blood  culture  on  that  day  gave  Pneumococcus  Type  I.  On  Feb.  16  cultures  of 
fluid  aspirated  from  the  chest  gave  Pnemnococcus  Type  I  and  Streptococcus 
futmoiyticus.  Thought  to  have  lobar  pneumonia  with  empyema  and  secondary 
streptococcus  infection.    Autopsy  Feb.  18,  1  p.m. 

Anatomical  Diagnosis:  Pneumonia  with  abscess  formation  and  empyema.  PiMno- 
purulent  pericarditis. 

Left  pleural  cavity. — Contains  an  enormous  amoimt  of  fluid  which  is  olive- 
green  in  color,  turbid  with  great  flakes  of  fibrin  floating  up  from  the  injected 
pleural  surface.  Right  pleural  cavity. — Contains  no  fluid;  the  pleural  surfaces  are 
smooth  and  glistening.  Pericardium. — Contains  300  cc.  of  turbid  fluid  with  float« 
ing  shreds  of  fibrin.    The  walls  are  thickly  studded  with  small  hemorrhages  and 

covered  with  a  loose  fibrinous  exudate.    Left  lung. Completely  collapsed  and 

flattened  against  the  mediastinal  tissues;  is  flabby  and  soft,  except  in  the  upper 
part  of  the  lower  lobe  where  there  are  several  firm  masses,  one  of  which  is 
necrotic  and  covered  by  yellow  necrotic  pleura.  On  section  it  is  found  that  there 
is  an  abscess  about  12  mm.  in  diameter  in  the  upper  posterior  part  of  the  lower 
lobe.  About  it  is  a  clearly  outlined  zone  of  imiform  greyish  consolidation.  The 
rest  of  the  lower  lobe  is  collapsed.  In  the  upper  lobe  the  interlobular  septa  are 
prominent  but  there  is  no  consolidation.  Bronchi  contain  purulent  fluid  but 
the  waUs  are  not  thickened  nor  are  the  bronchi  dilated  towards  the  pleura. 
Right  lung. — ^Air-containing  throughout  and  normal  in  appearance.  Theadrenab 
are  greatly  swollen  and  have  lost  the  distinctness  of  their  zonal  marking. 

Microscopic  Examination. — ^The  pleura  over  the  left  lung  is  thickened  by  the  for- 
mation of  granulation  tissue  which  is  overlaid  by  a  thin  but  dense  layer  of  fibrin. 
The  interlobular  septa  are  not  very  conspicuous,  although  slightly  thickened  and 
infiltrated  with  fibrin  and  cells.  The  tissue  imder  the  pleura  is  consolidated, 
each  alveolus  being  packed  with  dense  fibrin  which  contains  but  few  ceUs.  These 
are  mostly  red  corpuscles,  desquamated  epithelium  which  is  deeply  pigmented. 
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and  leucocytes.  The  alveolar  walls  are  greatly  thickened  by  infiltration  with 
various  sorts  of  cells,  chiefly  mononuclears  which  act  as  phagocytes.  This  dense 
consolidation  extends  for  a  considerable  depth.  Even  where  the  lung  becomes  in- 
sufSated  it  appears  that  the  air  is  only  forced  into  partly  consolidated,  partly  col- 
lapsed tissue.  The  bronchi  contain  a  purulent  exudate,  but  their  walls  are  not 
much  altered  from  normal,  and  very  slightly  infiltrated. 

The  lymphatics  in  the  bronchial  and  vessel  walls  are  distended  with  leuco- 
cytes, fibrin,  and  bacteria.  There  is  a  fresh  pericarditis  with  hemorrhages  imder 
the  pericardial  lining  cells  and  a  little  fibrinopurulent  exudate. 

Cultures  from  pleural  fluid,  pericardial  fluid,  both  lungs,  and  blood  gave 
Streptococcus  hamolyticus.  No  pneumococcus  was  foimd  in  material  from  these 
five  sources. 

Case  SI,-— J.  L.  A.,  age  35  yrs.  Had  a  cold  for  several  dajrs  and  was  admitted 
to  the  hospital  Feb.  15,  1918,  with  chill,  fever,  and  vomiting.  Dulness  over 
right  lower  lobe  with  cracklmg  r&les.  No  tubular  breathing.  Faint  pleural 
rub  near  the  right  nipple.  On  Feb.  17  there  was  a  crisis  and  the  temperature 
sank  to  normal  from  103^.  Patient  remained  in  good  condition  imtil  Feb.  24 
when  he  had  a  chill  followed  by  severe  pain  in  the  right  side.  There  were  dulness 
and  diminution  of  breath  soimd  in  this  region.  Sputum  contained  pneumococcus. 
On  Feb.  27  the  tenacious  bloody  sputum  contained  Pneimiococcus  Type  11,  with 
influenza  bacilli.  Mar.  1,  patient  was  very  sick,  with  abdominal  distension. 
Tubular  breathing  and  r&les  on  right  side.  Blood  culture  gave  Pneiunococcus 
Type  n.  Sputiun  gave  the  same  organism.  Aspiration  of  thorax  was  negative 
on  Mar.  2  and  3.  Patient  cyanotic;  r&les  over  entire  chest.  Tubular  breathing 
over  right  lower  lobe  only.  Died  Mar.  4,  1918,  at  2.15  a.m.  Autopsy  Mar.  4, 
1918. 

Anatomical  Diagnosis:  Lobar  pneumonia  (right  lower  lobe)  with  anemic  infarc' 
tions.    Fibrinopurulent  pleuritis.    Acute  peritonitis.    Diphtheritic  coHtis. 

Left  pleural  cavity, — Contains  a  few  cc.  of  turbid  fluid.  The  surfaces  are  fairly 
smooth  except  on  the  posterior  portion  of  both  lobes  where  the  limg  is  collapsed 
and  there  are  numerous  hemorrhages  on  the  surface.  Right  pleural  cavity.-^h- 
literated  by  fresh  fibrinous  exudate  which  is  especially  thick  over  the  upper  part 
of  the  lung  where  it  contains  some  fluid.  There  is  no  free  fluid  but  it  is  held  in 
the  meshes  of  the  fibrin.  The  surface  of  the  diaphragm  is  deeply  injected.  Peri* 
cardium, — ^The  pericardium  contains  about  100  cc.  of  slightly  turbid  fluid.  There 
are  a  few  pimctate  hemorrhages  on  the  heart  but  the  surfaces  are  smooth  and 
glistening.  Peritoneum. — ^The  hepatic  flexure  of  the  colon  is  adherent  to  the 
liver,  and  in  this  region  the  peritoneum  has  lost  its  gloss  and  there  is  a  collec- 
tion of  purulent  fluid.  The  appendix  and  pelvic  organs  are  bathed  in  pimdent 
fluid.  There  is  less  fluid  on  the  left  side  and  the  peritoneal  surfaces  are  glossy. 
There  is  no  obvious  source  for  this  infection.  The  mucosa  of  the  intestines  is  nor- 
mal throughout  except  for  a  few  areas  of  diphtheritic  exudate  in  the  region  of 
the  ileocecal  valve,  which  stand  above  the  surrounding  mucosa  and  are  out- 
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lined  by  hemorrhage.  Left  lung, — The  lung  feels  soft  throughout  although  there 
is  some  collapse  in  its  posterior  part.  It  was  readily  insufflated  artificially  and 
on  section  the  tissue  is  normal  in  appearance  throughout.  There  is  no  thickening 
of  the  bronchi.  Right  lung. — ^The  organ  is  volimiinous  and  heavy.  The  upper 
lobe  is  soft  and  collapsed  and  so  b  the  middle  lobe  except  in  the  anterior  part 
where  it  is  air-containing.  The  lower  lobe  is  distended  with  exudate  and  is  solid. 
The  bronchial  glands  are  enlarged  and  the  bronchi  contain  a  purulent  exudate. 
The  upper  and  middle  lobes  are  insufflated  readily  and  normal  in  structure.  The 
lower  lobe  on  section  shows  a  imiform  consolidation  in  which  the  alveoli  are 
filled  with  an  exudate  of  dark  reddish  grey  color.  There  is  no  thickening  of  the 
bronchial  walls  and  no  focal  character  to  the  consolidation.  There  is  a  firm  grey 
area  at  the  lower  margin  and  the  blood  vessel  passing  to  this  area  is  thrombosed. 
There  are  several  patches  just  beneath  the  pleura  in  the  more  posterior  part  of  the 
lobe,  which  correspond  sharply  with  the  outlines  of  lobules  and  in  which  the  con- 
solidated tissue  is  paler  and  mottled.  Over  one  of  these  the  thick  yellow  fibrinous 
exudate  is  thinned  out  so  that  the  opacity  of  the  area  shows  through.  All  such 
patches  come  up  to  the  surface  of  the  lung  and  are  pale  grey,  sometimes  with 
reddish  central  portions  or  small  areas  of  softening.  The  blood  vessels  supplying 
these  areas  appear  to  be  thrombosed.  The  interlobular  septa  are  not  widened, 
but  there  are  some  beaded  distended  lymphatics  in  the  lower  part  of  the  consoli- 
dated lobe.    These  are  rendered  conspicuous  by  their  opaque  yellow  contents. 

Cultures  at  autopsy  from  the  limg  showed  Pneumococcus  Type  11  atypical  with 
B.  influensuB)  peritoneal  and  pericardial  fluids  contained  Pneumococcus  Type  n 
atypical  in  pure  cultiure.  The  blood  gave  Pneumococcus  Type  11  atypical  with 
a  Gram-negative  colon-like  bacillus. 

Microscopic  Examination. — ^The  consolidated  right  lung  shows  the  typical  lesions 
of  lobar  pneumonia.  The  pleural  exudate  is  of  fibrin  not  organized.  The  pleura 
is  not  thickened  and  the  original  layer  of  pleural  lining  cells  is  still  distinguishable. 
The  interlobular  septa  are  wide,  infiltrated  with  fluid  and  a  network  of  fibrin. 
There  are  many  pol3rmorphonudear  leucocytes  and  some  mononuclear  cells  in  the 
meshes  of  the  fibrin.  The  lymphatics  in  these  septa  are  enormously  distended  and 
plugged  completely  with  dotted  masses  of  leucocytes,  blood,  and  mononuclear 
cells  among  which  rather  numerous  pneumococd  can  be  seen.  The  lymphatics 
in  the  pleura  and  in  the  adventitia  of  blood  vessels  and  of  bronchi  are  also  dis- 
tended with  the  same  material,  but  they  are  not  such  huge  beaded  channels  as 
those  related  to  the  septa. 

The  bronchi  contain  leucocytes  and  fibrin  with  pneimnococci  and  influenza 
bacilli,  but  their  walls  are  not  thickened  or  markedly  inffltrated  nor  is  their 
epithelimn  destroyed.  The  alveoli  are  imiformly  filled  with  a  network  of  fibrin 
with  leucoQTtes,  red  corpusdes,  and  great  numbers  of  pneumococci.  Their  walls 
are  not  thickened  or  inffltrated,  although  occasional  leucocytes  are  found  there. 
There  are  several  blood  vessels  which  are  completdy  thrombosed  and  the  areas 
of  limg  tissue  ordinarily  supplied  by  them  are,  with  their  contained  exudate, 
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completely  necrotic.  These  represent  anemic  infarctions  in  the  consolidated 
lung.  The  bronchial  glands  are  enlarged  and  contain  in  their  sinuses  phagoc3rtic 
cells  and  pneumococd. 

Case  186, — ^W.  F.,  age  29  3rrs.  Began  with  cough,  general  malaise,  and  pain 
in  chest,  and  was  admitted  to  the  hospital  on  May  2, 1918.  Bubbling  r&les  were 
foimd  in  both  lungs.  On  May  8  there  was  evidence  of  meningitis,  and  50  cc.  of 
spinal  fluid  were  aspirated,  45  cc.  of  antimeningococcus  serum  being  injected. 
On  May  11  there  were  signs  of  consolidation  in  the  left  lower  lobe.  On  May  12 
patient  was  irrational  and  cyanotic.  50  cc.  of  fluid  were  aspirated  from  the 
left  chest.  Sputum  contained  Pneumococcus  Type  I  and  influenza  bacillus  on 
May  11.    Died  May  12,  1918.    Autopsy  20  hours  after  death. 

Anatomical  Diagnosis:  Lobar  pneumonia  {left  lung)  with  fibrinopurtUent  pleurisy. 
Acute  serofibrinous  pericarditis* 

Left  pleural  cavity. — ^The  cavity  is  practically  obliterated  by  a  great  mass  of 
greenish  yellow  fibrin  which  is  thick  and  shaggy  and  in  the  interstices  of  which 
there  is  a  large  quantity  of  turbid  greenish  fluid.  This  accumulation  is  chiefly 
between  the  lung  and  the  pericardial  sac.  The  limg  is  bound  to  the  costal 
pleiura  by  fresh  light  fibrinous  adhesions.  There  are  about  160  cc.  of  fluid  in 
the  space  between  the  lung  and  the  pericardial  sac,  but  the  rest  of  the  pleiura 
contains  relatively  little  fluid.  The  surfaces,  where  free,  are  covered  with  green- 
ish fibrin  in  a  thin  layer.  Right  pleural  cavity, — Contains  no  fluid.  The  surfaces 
are  smooth  and  glistening.  Pericardial  cavity, — Contains  50  cc.  of  turbid  fluid 
with  shreds  of  fibrin.  The  pericardial  lining  membrane  is  congested,  its  surface 
dull,  and  covered  with  a  thin  exudate  of  fibrin.  Mediastinal  tissue, — ^Infiltrated 
with  yellow  purulent  exudate.  At  the  region  of  the  lower  end  of  the  thymus 
there  is  an  abscess-Uke  accumulation  of  pus.  Left  lung, — ^The  limg  is  large  and 
heavy  with  its  lobes  glued  together  by  fibrin  which  extends  over  the  surfaces  as 
described.  The  upper  lobe  is  air-containing  in  its  anterior  and  upper  part, 
but  in  the  region  of  the  hilum  and  near  the  cleft  between  the  lobes  there  are 
greyish  translucent  branching  areas  of  consolidation.  The  bronchi  are  thick- 
ened and  reddened,  but  it  is  not  clear  that  these  consolidations  are  definitely 
peribronchial.  In  the  lower  lobe  there  are  two  definite  areas  of  consolidation 
between  which  the  limg  is  collapsed  and  contains  only  indefinite  nodular  foci 
of  consolidation.  One  of  these  larger  areas  occupies  the  upper  posterior  por- 
tion, the  other  the  anterior  lower  part.  They  are  reddish  grey  and  imiform, 
showing  a  granular  surface  from  which  a  plug  of  exudate  projects  from  each 
alveolus.  The  bronchial  glands  are  large,  soft,  and  edematous,  and  contain  some 
old  yellowish  nodules.  Right  lung, — ^Everywhere  air<ontaining  except  for  a  few 
small  patches  of  greyish  red  consolidation  in  the  lower  part  of  the  upper  lobe. 
Pharynx  and  larynx, — Pharynx,  epiglottis,  and  larynx  slightly  congested.  There 
are  no  ulcerations  in  the  vocal  cords  or  elsewhere  in  the  larynx.  The  trachea  is 
slightly  reddened. 

Cultures  from  the  heart's  blood,  left  lung,  and  pericardium  gave  Pneumococcus 
Type  I.    A  culture  from  the  left  pleura  showed  Streptococcus  hctmolyticus. 
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Microscopic  Examination. — ^Thc  left  lung  shows  a  thick  layer  of  fibrin  on  the 
pleural  surface  with  abimdant  Gram-positive  cocci  in  short  stiff  chains  scattered 
throughout.  Many  of  these  are  in  phagocytic  cells.  The  pleura  itself  overlaid 
with  a  dense  exudate  of  fibrin  is  edematous,  slightly  thickened,  and  spread  open 
into  meshes  and  remarkably  hyperemic.  It  appears  that  there  is  the  begin- 
ning of  organization  of  the  overlying  exudate,  although  the  proliferation  of  connec- 
tive tissue  cells  has  barely  begun.  The  pleural  lining  cells  are  almost  all  gone; 
a  few  can  still  be  seen.  The  interlobular  septa  are  quite  inconspicuous.  The 
lymphatics  in  the  pleura  are  filled  with  fibrin  and  cells  with  few  bacteria.  They 
are  not  easily  found  in  the  substance  of  the  limg.  The  bronchi  are  filled  with  puru- 
lent exudate;  their  walls  are  slightly  infiltrated  with  mononuclear  cells.  The 
alveolar  walls  are  nowhere  thickened  or  infiltrated.  Their  cavities  are  filled 
with  an  exudate  of  leucoc3rtes,  red  corpuscles,  and  fibrin.  There  are  niunerous 
Gram-positive  diplococd  in  places  in  the  alveolar  exudate,  but  almost  all  of  them 
are  enclosed  in  leucocytes  and  are  apparently  partly  disint^rated.  They,  like 
those  seen  in  the  superficial  layers  of  the  pleural  exudate,  look  like  pneumococd. 
In  addition  to  these  there  are  in  the  brondiial  exudate  great  niunbers  of  influenza 
badlli.  In  another  section  from  the  left  limg  there  is  the  same  condition  of  the 
pleura,  but  the  alveoli  are  filled  not  with  a  fresh  exudate  of  leucocytes  but  dther 
with  fluid  or  with  a  dense  exudate  of  fibrin  in  which  are  entangled  red  corpuscles 
and  a  few  mononudear  cells  and  leucoc3rtes.  These  plugs  of  fibrin  are  outlined  in 
many  cases  by  a  single  layer  of  flat  epithelial  cells  whidi  have  grown  over  them  from 
the  alveolar  wall.  The  alveolar  walls  are  thickened  by  an  infiltration  with  leuco- 
cytes. In  places  the  epithelium  is  greatly  proliferated  and  several  mitotic  figures 
can  be  seen  in  these  cells  in  a  single  alveolus.  They  grow  until  the  alveolus  is 
half  filled  with  a  mass  of  epithelimn.  In  this  region  the  waUs  of  the  vessels  are 
somewhat  infiltrated  with  mononudear  cells,  but  those  of  the  bronchi  are  not  much 
thickened.  Enormous  niunbers  of  bacteria  are  found  on  the  surface  of  the  pleural 
fibrin,  but  none  in  the  alveolar  cavities. 

This  is  a  peculiar  condition  since  certain  parts  of  the  consolidated  tissue  show 
the  alveoli  almost  but  not  quite  filled  with  a  compact  fibrillated  mass  dothed  in  a 
layer  of  epithelial  cells  in  which  the  cells  are  indistinct  and  in  which  no  bacteria 
are  found,  while  other  areas  are  filled  with  exudate  containing  bacteria.  The 
proliferation  of  the  epithelimn  recalls  the  epithelial  giant  cells  described  by  Hecht 
in  the  lungs  of  children. 

Case  188.— jy.  W.,  age  21  yrs.  No  history  of  measles.  Began  gradually  about 
May  3, 1918,  with  a  cough  and  pain  in  chest.  Drilled  for  2  days  when  pain  be- 
came more  severe.  Admitted  to  hospital  May  7  when  he  had  a  few  crepitant 
iftles  in  the  left  lower  lobe.  On  May  11  there  were  tubular  breathing,  crepitant 
and  moist  r&les  in  the  right  upper  lobe,  and  few  r^es  in  the  left  lower  lobe.  On 
May  13  it  was  evident  that  there  was  consolidation  of  the  right  upper  and  middle 
lobes  with  many  r&les.  Diagnosis  of  lobar  pneumonia,  left  lower,  and  right 
upper  and  middle  lobes.    Died  May  14, 1918, 1.05  a.m.    Autopsy  May  14, 1918. 
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Anatomical  Diagnosis:  Lobar  pneumonia  involving  whole  right  lung  (fresh). 
Organizing  lobar  pneumonia  (left  lower  lobe).    Fibrinous  pleuriHs.    Acute  nephritis. 

Left  pleural  cavity, — ^There  is  a  fibrinous  exudate  over  the  whole  lower  lobe 
which  binds  it  to  the  costal  pleura.  This  extends  between  the  lobes  and  a 
short  way  on  the  upper  lobe;  the  remaining  pleura  over  the  upper  lobe  is  smooth 
and  without  adhesions  and  contains  no  excess  of  fluid.  Right  pleural  cavity. — 
The  whole  cavity  is  obliterated  by  a  fresh  fibrinous  exudate  which  glues  the  sur- 
faces together.  There  are  a  few  old  adhesions  about  the  apex  of  the  limg.  There 
is  no  accumulation  of  fluid.  Left  lung. — ^The  upper  lobe  is  uniformly  air-contain- 
ing and  of  normal  texture.  The  lower  lobe  is  nearly  solid  but  there  are  small 
spongy  patches  distributed  throughout.  These  alternate  with  greyish  red 
irregular  areas  of  solid  lung  which  show  a  rough  surface  with  projecting  alveolar 
plugs.  The  bronchi  are  lined  by  an  opaque  ragged  layer.  In  several  places  but 
especially  near  the  hilmn  there  are  large  branching  opaque  yellow  lines  which  look 
like  obstructed  lymphatics.  Right  lung  {Fig.  51). — ^Large  and  heavy  and  con- 
solidated except  in  the  anterior  margin  of  the  middle  and  lower  lobes.  It  is  cov- 
ered with  a  thin  fibrinous  exudate  more  abundant  between  the  lobes  which  are 
glued  together.  The  bronchial  glands  are  very  large,  pigmented,  and  flecked  with 
pale  grey  opacities.  The  upper  lobe  on  section  shows  a  few  small  scattered  patches 
of  spongy  air-containing  limg;  these  patches  amoimt  to  only  a  few  alveoli  in  each 
case.  They  are  separated  by  rather  mottled  greyish  red  areas  of  consolidation 
which  are  flecked  in  places  with  hemorrhages.  These  areas  are  practically  con- 
fluent and  continuous  throughout.  The  bronchi  contain  a  grey  exudate  and  in 
places  their  lining  walls  are  opaque  and  yellowish  red.  The  middle  lobe  is  more 
uniformly  consolidated,  paler  than  the  upper,  and  with  more  definite  alveolar 
plugs.  It  too  is  flecked  with  hemorrhages.  The  lower  lobe  like  the  middle  is 
uniformly  solid  and  no  spongy  areas  are  seen.  It  is  paler  than  the  upper  lobe 
and  does  not  contain  so  many  hemorrhages. 

Microscopic  Examination. — ^The  right  limg  shows  in  its  consolidated  part  a 
pleura  covered  with  dense  fibrin.  On  the  outer  surface  the  covering  ceUs  are 
largely  destroyed  but  there  is  very  little  evidence  of  organization.  In  the 
interlobar  space,  however,  the  lining  pleural  ceUs  are  well  preserved  in  most 
places.  Nevertheless,  definite  organization  of  the  exudate  is  going  on.  The 
interlobular  septa  are  not  conspicuous  and  lymphatics  are  scarcely  to  be  found 
in  the  sections.  The  bronchi  contain  a  purulent  exudate.  Their  walls  are  not 
thickened  or  infiltrated.  The  alveolar  walls  are  not  thickened.  The  alveoli  con- 
tain a  rather  imiform  dense  exudate  of  polymorphonuclear  leucocytes,  red  blood 
corpuscles,  and  fibrin.  Blood  is  very  abimdant  in  places.  In  other  areas  edema 
predominates.  The  exudate  both  in  the  bronchi  and  alveoli  is  loaded  with 
bacteria.  The  Gram-positive  cocci  are  usually  free  and  are  morphologically 
identical  with  pneumococci.  There  are  great  numbers  of  minute  Gram-negative 
bacilli,  most  of  which  are  contained  in  leucocytes,  in  the  protoplasm  of  which 
they  are  closely  packed.    These  appear  to  be  influenza  bacilli. 
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The  left  lung  presents  a  different  appearance  and  it  is  difficult  to  decide  how 
this  should  be  interpreted.  The  consolidation  is  patchy,  with  areas  which  con- 
tain air.  The  pleiira  is  thickened  by  a  layer  of  granulation  tissue  over  which  there 
is  fibrin.  The  interlobular  septa  are  not  prominent.  The  bronchi  are  filled  with 
a  purulent  exudate;  their  walls  are  slightly  spread  apart  and  contain  a  few  wan- 
dering cells  with  leucocytes  and  mononuclear  cells.  Some  of  the  bronchi  show  a 
distinct  overdistension  of  the  blood  vessels,  but  the  changes  are  in  general  slight. 
The  alveolar  walls  are  not  thickened  or  infiltrated  with  mononuclear  cells.  The 
alveoli  are  not  filled  with  an  exudate  of  polymorphonuclear  leucoc3rtes  as  in  the 
right  lung,  but  contain  fluid,  red  blood  corpuscles,  desquamated  epithelial  cells, 
and  dense  masses  of  fibrin  containing  few  cells  but  overgrown  and  almost  com- 
pletely covered  by  epithelium.  Such  masses  are  partly  replaced  by  new  con- 
nective tissue.  There  are  some  areas  in  which  the  alveoli  contain  leucocytes, 
but  throughout  most  of  the  limg  the  condition  is  as  described.  Possibly  it  repre- 
sents a  much  later  stage  of  the  lobar  pneumonia  caused  by  the  pnemnococcus 
than  that  seen  in  the  right  lung,  but  it  is  also  possible  that  these  changes  may 
dQ>end  upon  the  influenza  bacillus. 

The  kidney  shows  a  general  cloudiness  of  the  cells  of  the  epitheliimi  of  consoli- 
dated tubules,  although  their  free  borders  are  well  preserved.  There  are  sev- 
eral glomeruli  in  each  section  in  which  the  capillaries  are  plugged  with  hyaline 
thrombi.  In  the  capsules  of  all  the  glomeruli  there  is  a  mass  of  bubble-like 
coagula  and  in  those  which  have  the  thrombosed  capillaries  there  are  a  few  leuco- 
cytes. The  tissue  surroimding  these  glomeruli  b  infiltrated  with  red  corpuscles 
and  leucocytes.  Some  of  the  tubules  contain  casts  and  a  few  pol3rmorphonuclear 
leucocytes. 

There  is  little  that  requires  comment  in  these  cases.  Most  of  them 
were  from  the  Texas  epidemic,  which  is  perhaps  to  be  accoimted  for 
from  the  fact  that  those  studies  were  made  in  February  and  March, 
while  the  Iowa  epidemic  was  studied  in  May. 

The  cases  of  lobar  pnemnonia  are  described  here  not  because  they 
are  extraordinary  in  any  way,  but  chiefly  to  show  the  proportion  which 
they  bear  to  the  others  and  to  emphasize  the  contrast  between  the 
anatomical  lesions  produced  by  the  different  organisms. 

The  distribution  of  these  organisms  has  already  been  mentioned. 
It  was  Ribbert's  idea  that  in  lobar  pneumonia  one  might  recognize  a 
lobular  arrangement  of  the  exudate  with  most  compact  fibrin  in  the 
alveoli  adjoining  the  interlobular  septa,  while  the  greater  nmnber  of 
leucocytes  and  more  especially  of  pneumococd  was  to  be  found  in  the 
central  portions  of  the  lobule  and  in  the  bronchus.  This  is  true  to 
some  extent,  although  the  pnemnococd  are  far  more  uniformly  dis- 
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tributed  throughout  the  alveoli  and  through  the  whole  thickness  of 
the  pleural  exudate  than  are  streptococci.  The  latter  organisms  keep 
to  tlie  bronchial  contents  and  the  stirfaces  of  the  pleural  exudate  in 
interstitial  bronchopneumonia  and  are  scattered  more  like  pneumo- 
cocd  in  the  lobular  form.  But  both  pneumococd  and  streptococci 
quickly  gain  the  lymphatics  and  distend  them  with  the  resulting  exu- 
date which  clots.  In  lobar  pnemnonia  as  in  the  streptococcal  form 
these  lymphatics  become  very  prominent  in  their  course  from  the 
pleura  as  beaded  yellow  channels. 

In  several  cases  in  which  there  was  definite  lobar  pneumonia  and  in 
which  blood  cultures  during  life  showed  the  presence  of  pneumococd 
(Case  33),  or  when  sputum  and  pleural  fluid  contained  them  (Case 
36),  or  sputum,  blood,  and  pleural  fluid  (Cases  45  and  46),  the  cxil- 
tures  from  Ixmgs  and  other  sources  at  autopsy  failed  to  show  them  and 
Streptococcus  fuBmolyticus  grew  instead.  It  appears  from  repeated  ex- 
periences of  this  kind  that  the  pneumococcus  must  quickly  die  out 
or  be  overgrown  by  the  streptococcus,  or  one  may  find  it,  as  in  Cases 
186  and  188,  in  the  process  of  being  overgrown. 

Curious  changes  occur  in  the  exudate  itself  if  the  first  stages  of  the 
disease  are  survived.  In  Case  25,  which  was  of  only  8  days  duration, 
the  pneumonia  was  thou^t  to  be  in  a  stage  of  resolution.  This  seems 
questionable,  but  at  any  rate  few  pneumococd  could  be  foimd  in  sec- 
tions, although  the  fibrin  still  stained  well  and  they  were  isolated  in 
culture.  But  in  this  limg  the  infiltration  of  the  alveolar  walls  with 
polymorphonudear  leucocytes  and  the  upheaval  of  the  epithelial  cells 
are  remarkable.  Of  a  different  character  are  the  changes  in  Case  45 
in  which  the  pneumonia  has  left  the  alveolar  walls  thickened  with 
fibrous  tissue  in  certain  strand-like  areas,  and  the  alveoli  themselves 
filled  with  organized  exudate  in  the  form  of  fibrous  bands.  The 
presence  of  abimdant  influenza  bacilli  must  be  remembered. 

Organization  is  advanced  in  one  of  the  limgs  of  Case  188,  and  in 
Case  186  there  are  alveoli  partly  filled  with  dense  fibrin  from  which 
bacteria  have  disappeared  and  nudd  faded.  In  Case  186  there  are 
in  places  striking  evidences  of  the  proliferation  of  the  epitheliimi 
which  forms  great  protoplasmic  masses  only  faintly  divided  into  cells 
and  studded  in  places  with  mitotic  figures. 
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One  of  the  most  striking  lesions,  which  may  be  common  enough  in 
any  great  series,  is  shown  in  Case  51  in  which  the  cultures  show 
throughout  Pneumococcus  Type  n.  In  this  uniformly  consolidated 
limg  there  are  many  thrombosed  blood  vessels  and  as  many  anemic 
infarctions  which  extend  to  the  pleura.  They  are  actual  infarctions 
because  the  circulation  of  the  limg  is  embarrassed,  and  anemic  be- 
cause the  limg  has  become  firm  like  the  kidney  and  there  is  no  longer 
a  chance  for  blood  to  ooze  into  the  dead  area  from  adjacent  regions. 

No  imusual  changes  were  found  in  the  other  organs  in  connection 
with  this  form  of  pneumonia,  although  there  were  pericarditis,  endo- 
carditis, peritonitis,  and  in  one  case  abscesses  of  the  rectus  abdominis. 

5.  Lobar  Pneumonia  Combined  with  Interstitial  Bronchopneumonia, 

Case  2L—A.  A.  McL.,  age  22  yrs.  Entered  hospital  Jan.  7,  1918,  with  fever, 
cough,  and  sore  throat.  Conjunctivse  injected,  no  rash,  thioat  clear.  Jan.  8, 
throat  very  red,  marked  conjunctivitis,  but  no  rash.  Jan.  10  and  11,  cough  with 
much  expectoration,  nausea,  and  vomiting.  Chill  and  epistaxis.  Had  acute 
bronchitis  since  Jan.  1,  otitis  media  Jan.  25.  Jan.  26,  there  were  dulness  over  the 
upper  right  lobe  and  riles  over  the  entire  chest.  Very  ill  imtil  Feb.  4  when  he 
died.  Temperature  100-104*  F.,  pulse  100-120,  respiration  24-30.  Much  de- 
liriimi  and  vomiting.    Leucocytes  25,600.    Autopsy  Feb.  5,  1918. 

Anatomical  Diagnosis:  Bilateral  lobar  pneumonia.  Bilateral  intersHtial  broncho- 
pneumonia.   Pibrinopurulent  pleuritis. 

Left  pleural  cavity. — Free  from  fluid.  Surfaces  dulled  by  thin  fibrinous  exudate 
with  minute  hemorrhages.  Right  pleural  cavity. — Contains  a  little  viscid  yellow 
fluid.  Left  lung  (Fig.  5Z), — ^There  is  an  area  of  consolidation  which  occupies  the 
posterior  part  of  the  upper  lobe.  The  lower  lobe  is  partly  collapsed,  partly  air- 
containing,  the  surface  greatly  injected  and  flecked  with  hemorrhages  and  covered 
with  a  fibrinous  exudate.  On  section  the  upper  lobe  with  the  exception  of  a  small 
part  of  the  mesial  surface  is  uniformly  consolidated.  The  lower  lobe  shows  on 
section  numerous  greyish  white  minute  areas  of  consolidation  distributed  in 
groups  of  two  or  three,  several  being  foimd  in  each  lobule.  These  correspond 
with  the  terminal  bronchioles.  Right  lung. — ^The  upper  lobe  contains  a  large  area 
of  uniform  consolidation  in  which  each  lobule  is  sharply  outlined  and  shows  each 
alveolus  filled  with  exudate.  Throughout  the  lower  part  of  the  lung  there  is 
atelectasis.  In  this  area  each  interlobular  septum  is  quite  distinct  and  there  are 
numerous  minute  areas  of  consolidation  in  each  lobule.  These  correspond  in 
position  with  the  terminal  bronchioles.  The  same  condition  is  distinctly  visible 
in  the  lower  part  of  the  upper  lobe  and  may  be  traced  into  the  area  of  lobar 
consolidation.    The  nodules  are  numerous  throughout  the  remainder  of  the  lung. 
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Microscopic  Examination. — ^The  lungs  are  practically  alike.  In  the  sections 
which  pass  through  the  area  of  lobar  pneumonia  the  pleura  is  not  thickened.  The 
overlying  fibrin  is  not  organized  and  the  pleural  lining  cells  are  still  visible.  This 
is  true  over  the  portions  of  the  hing  occupied  by  the  interstitial  bronchopneu- 
monia, but  the  pleura  is  distinctly  more  vascular  and  the  fibrinous  exudate 
thicker.  In  the  area  of  lobar  consolidation  the  bronchi  contain  an  exudate  of 
leucocjrtes;  their  walls  are  somewhat  infiltrated  with  mononuclear  cells.  The  ad- 
jacent and  also  distant  alveoli  are  imiformly  filled  with  the  characteristic 
exudate  of  pneimiococcus  pneumonia.  The  walls  are  not  definitely  thick- 
ened or  infiltrated.  It  is  not  really  possible  to  recognize  areas  of  interstitial 
bronchopneumonia  embedded  in  the  area  of  lobar  pnetunonia,  although  at  the 
margin  where  the  two  conditions  join  one  another  it  is  true  they  overlap  some- 
what. The  alveolar  exudate  contains  many  organisms,  probably  pneumococd, 
which  are  in  pairs  or  short  stiff  chains  scattered  evenly  throughout.  Many  of 
these  are  enclosed  in  phagocytes.  No  organization  of  this  exudate  has  occurred. 
The  interlobular  septa  are  wide  and  edematous  with  a  loose  network  of  fibrin  and 
many  leucoc3rtes  and  mononuclear  cells.  There  are  a  few  bacteria  and  often 
these  appear  to  be  streptococci  in  long  flexible  chains.  The  l3rmphatics  injected 
from  the  pleura  with  Berlin  blue  run  in  these  septa  and  are  often  plugged  with 
thrombi  rich  in  leucocytes.  There  are  no  great  nimnbers  of  bacteria  to  be  seen 
there.  The  blood  vessels  have  walls  somewhat  thickened  by  an  infiltration  of 
mononuclear  cells. 

As  one  passes  from  the  area  of  lobar  pneumonia  the  whole  character  of  the  pul- 
monary alteration  changes.  The  bronchi  become  conspicuous  from  the  greatly 
increased  thicknfiss  of  their  walls.  They  are  still  filled  with  leucocytes  and  debris 
of  epithelial  cells  with  streptococci,  but  the  walls  are  very  hyperemic  and  greatly 
thickened  by  the  infiltration  of  mononuclear  cells.  This  extends  to  the  walls  of 
the  neighboring  alveoli.  Such  alveoli  are  filled  no  longer  with  a  delicate  network 
of  fibrin  supporting  imiformly  distributed  pol3rmorphonuclear  leucocytes,  but  are 
found  to  contain  dense  plugs  of  pink-staining  fibrin  surrounded  by  mononuclear 
wandering  ceUs  and  desquamated  epithelium.  Streptococci  are  rarely  foimd 
there.  But  organization  has  occurred  everywhere  and  has  advanced  so  that  there 
are  whole  patches  of  the  lung  in  each  alveolus  of  which  the  exudate  is  replaced  by 
vascular  connective  tissue  which  has  retracted  and  has  been  covered  by  alveolar 
epithelimn.  The  same  is  true  in  the  bronchi  although  the  connective  tissue  lies 
imcovered  there  in  the  midst  of  the  exudate.  Most  of  the  limg  is  atelectatic,  but 
the  parts  intervening  between  the  peribronchial  nodules  can  be  blown  up  with 
air. 

Pneumococcus  Type  IV  and  Streptococcus  hamolyticus  were  recovered  from  the 
limgs  and  from  the  heart's  blood. 

Case  23, — F.  L.  G.,  age  18  yrs.  Taken  sick  Jan.  15  with  cough  and  pain  in 
left  chest  and  fever.  Entered  hospital  Jan.  19,  1918.  Dulness  over  left  lower 
lobe  with  tubular  breathing  and  riles.  Aspirated  Jan.  31,  and  pus  removed 
from  left  pleura.    Resection  of  rib  Feb.  1.    Died  Feb.  5.    Autopsy  Feb  5. 
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AtuUomical  Diagnosis:  Interstitial  bronchopneumonia  with  empyema  (left  lung). 
Lobar  pneumonia  (right  lung). 

Left  pleural  cavity, — Over  the  6th  left  rib  in  the  anterior  axillary  line  is  an 
operation  wound  7  cm.  long  from  which  projects  a  rubber  tube.  A  piece  of 
rib  has  been  removed.  The  pleural  cavity  is  entirely  obliterated  over  the  an- 
terior half  by  light  fibrinous  adhesions.  The  posterior  part  of  the  pleura  forms 
a  cavity  which  extends  to  the  vertebral  colimm  and  contains  a  small  quantity 
of  purulent  material.  The  mediastinal  tissues  are  very  edematous.  Right  pleural 
cavity. — Contains  a  small  amoimt  of  fluid.  The  siurfaces  are  covered  with  a 
thin  fibrinous  exudate.  Left  lung. — ^The  lung  is  collapsed  and  adherent  to  the 
diaphragm  where  it  encloses  a  pocket  of  100  cc.  of  greenish  yellow  pus.  The 
surface  of  the  lung  is  covered  with  a  yellow  fibrinous  exudate  which  binds  the 
lobes  together.  In  the  posterior  portions  of  both  lobes,  which  are  much  col- 
lapsed, there  are  niunerous  greyish  red  fod  in  the  centers  of  which  bronchi  are 
seen  filled  with  purulent  exudate.  Other  reddened  areas  2  mm.  in  diameter  seem 
not  to  be  related  to  the  bronchi.  In  the  upper  and  posterior  part  of  the  lower 
lobe  there  is  a  grey  area  of  consolidation  in  which  each  alveolus  contains  a  plug 
of  exudate.  Right  lung. — ^The  lower  lobe  is  covered  with  a  thin  fibrinous  exudate 
while  the  surface  of  the  upper  lobe  is  smooth.  The  upper  lobe  is  air-containing 
throughout,  and  there  are  no  fod  of  consolidation.  The  lower  lobe  except  for 
the  anterior  margin  is  uniformly  consolidated.  It  is  grey,  firm,  and  airless  and 
from  each  alveolus  a  plug  of  exudate  projects.  The  l3rmph  glands  are  moist  and 
swollen. 

Microscopic  Examination. — ^The  left  limg  presents  the  typical  appearance  seen 
in  interstitial  bronchopnemnonia.  The  pleiira  is  greatly  thickened  and  appears 
as  a  layer  of  granulation  tissue  with  overlying  dense  fibrin.  Much  of  the  lung 
substance  is  collapsed.  The  bronchi  are  conspicuous  because  they  are  filled  with 
leucocytes  and  desquamated  columnar  epithelium.  There  are  many  influenza 
bacilli  among  these  cells.  The  walls  are  greatly  thickened  and  hyperemic  and 
densdy  infiltrated  with  l3rmphocytes,  plasma  cells,  and  mononudear  wandering 
cells  of  other  forms.  The  adjacent  alveolar  walls  are  similarly  thickened  in  the 
neighborhood  of  bronchi,  vessels,  and  interlobular  septa.  Their  epithelium  is 
partly  desquamated  and  they  contain  these  cells  as  well  as  the  mononudear 
wandering  cells.  Where  fibrin  is  found  in  the  alveoli  it  is  not  in  a  delicate  net- 
work but  in  dense  masses.  Organization  is  well  advanced  and  dense  strands  of 
vascularized  tissue  are  foimd  in  the  bronchi  and  in  the  alveoli.  In  the  alveoli 
hemorrhage  is  not  a  prominent  contributor  to  the  exudate.  There  are  some 
red  corpusdes  but  far  more  of  a  formless  coagulated  fluid.  The  interlobular  septa 
are  greatly  widened,  and  where  lymphatics  are  seen  they  are  packed  with  mono- 
nudear cells  and  leucocytes. 

Sections  through  the  consolidated  portions  of  the  lower  lobe  of  the  right  lung 
show  a  thin  pleura  with  an  overlying  layer  of  fibrin  showing  no  indication  of  or- 
ganization.   The  bronchi  contain  an  exudate  of  leucocytes;  the  epitheliimi  is  in- 
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tact  or  retracted  in  a  ring  from  the  walls.  There  is  no  organization  of  the  exudate. 
The  walls  of  the  bronchi  are  very  slightly  infiltrated  with  leucocytes  and  so  too  are 
many  of  the  alveolar  walls.  It  is  striking  that  in  this  lung  the  polymorpho- 
nuclear leucocytes  invade  the  alveolar  walls,  while  in  the  opposite  limg  the  mono- 
nuclear cells  do  so.  The  alveolar  exudate  is  composed  of  leucocytes  and  fibrin. 
The  latter  is  rather  contracted  and  dense.  Many  of  the  alveoli  contain  fluid. 
Bacteria  which  are  Gram-positive  lanceolate  diplococci  of  considerable  elongation 
are  numerous  and  imiformly  scattered  throughout  the  exudate.  The  influenza 
bacilli  are  also  present.    The  interlobular  septa  are  inconspicuous. 

Bacteriobgical  cultures  show  Streptococcus  hctmolyticus  in  both  blood  and  lung. 
Nevertheless  it  seems  dear  that  the  bacteria  which  have  caused  the  lobar  pneu- 
monia in  the  right  limg  are  pneimiococci,  both  from  the  anatomical  character  of 
the  lesion  and  the  morphology  of  the  organisms  themselves  together  with  their 
peculiar  distribution. 

Case  3L — ^J.  D.  W.,  age  22  3rrs.  Began  Jan.  14,  1918,  with  headache,  sore 
throat,  coryza,  and  conjunctivitis.  Rash  appeared  on  Jan.  18  when  he  entered 
the  hospital.  Difi&culty  in  breathing  developed  shortly  afterward  and  tem- 
perature rose  to  102-104^  F.  Pain  in  left  axilla.  Crepitant  rMes  throughout 
chest.  Examination  on  Feb.  6.  Temperature  fell  to  normal  on  Jan.  29  but  rose 
again  suddenly  on  Feb.  2  and  remained  above  102''  until  death.  Pulse  and 
respiration  changed  in  parallel  way.  Dulness  over  left  limg  passing  into  flatness 
over  lower  lobe.  Tubular  breathing  with  r^es  over  lower  lobe.  Loud  friction 
rub  in  left  axilla.  Right  thorax  resonant  with  coarse  r^es.  Cyanosis  and  slight 
jaundice.  Attempt  at  aspiration  of  left  pleura  resulted  in  withdrawal  of  bloody 
fluid  from  lung.  This  contained  Pneumococcus  Type  IV.  It  was  thought  that 
bronchopneumonia  followed  the  attack  of  measles  with  acute  onset  of  lobar 
pnemnonia  on  Feb.  3.    Died  Feb.  8,  8.30  a.m.    Autopsy  Feb.  8. 

Anatomical  Diagnosis:  Clinical  history  of  measles.  Interstitial  bronchopneumonia. 
Lobar  pneumonia  (left)  with  fibrinopurulent  pieuritis. 

Left  pleural  cavity. — Contains  a  considerable  quantity  of  brownish  green  turbid 
fluid;  the  limg  is  bound  by  light  fibrous  adhesions  to  the  diaphragm  and  pericar- 
dial sac.  Posterior  portion  of  upper  lobe  and  whole  lower  lobe  are  covered  with  a 
thick  fibrinous  exudate  and  so  also  is  the  parietal  pleura.  Right  pleural  cavity. — 
There  is  no  excess  of  fluid  and  the  pleural  surfaces  are  everywhere  smooth  and 
glistening.  Left  lung  (Pig.  5S). — ^The  lobes  are  glued  together  by  yellow  fibrinous 
exudate.  The  upper  lobe  is  collapsed  but  not  consolidated.  The  interlobular 
septa  are  very  distinct.  The  bronchi  are  thickened  and  grey  with  yellowish  white 
opaque  contents.  The  lower  lobe  is  completely  and  imiformly  consolidated;  the 
cut  surface  is  grey  except  for  a  small  area  in  the  center  of  the  lobe  which  is  hemor- 
rhagic. The  alveoli  are  filled  with  plugs  of  exudate  which  stand  out  above  the 
cut  surface  giving  it  a  rough  granular  appearance.  The  septa  are  not  distinct. 
The  bronchi  are  filled  with  a  yellow  exudate.  Right  lung.— The  upper  and  middle 
lobes  are  cushiony,  while  the  posterior  portion  of  the  lower  lobe  is  blue  and  heavy. 
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There  are  numerous  minute  hemorrhages  in  the  pleura  about  the  interlobar  clefts. 
The  whole  lung  is  readily  insufflated  except  a  small  part  of  the  upper  lobe. 
Through  all  the  lobes  there  are  foimd  on  section  small  greyish  areas  of  consoli- 
dation about  2  to  3  mm.  in  diameter  frequently  surrounded  by  hemorrhage  and 
containing  a  central  bronchiole.  One  of  these  patches  in  the  lower  lobe  is  1  cm. 
in  diameter. 

Microscopic  Examination, — ^The  left  lung  shows  a  typical  lobar  pneumonia  with 
uniform  densely  packed  exudate  in  the  alveoli.  The  bronchi  contain  a  purulent 
exudate.  Their  walls  are  slightly  infiltrated  with  mononuclear  cells.  The 
alveolar  walls  are  not  thickened;  the  capillaries  appear  rather  bloodless  but  con- 
tain a  few  megalocaryoc3rtes.  The  exudate  in  the  alveoli  is  almost  entirely  com- 
posed of  leucoc3rtes  with  very  few  red  corpuscles.  The  leucocytes  are  ragged  and 
in  certain  places  reduced  to  fragments  of  nuclei.  In  these  places  the  alveolar 
walls  become  indistinct  and  the  capillaries  appear  to  contain  hyaline  thrombi. 
There  is  little  to  suggest  the  features  of  the  interstitial  bronchopneumonia  within 
the  area  of  lobar  consolidation. 

Very  few  organisms  can  be  foimd  in  the  alveolar  exudate  but  two  or  three 
were  found  in  one  alveolus.  The  right  limg  shows  small  bronchi  filled  with  an 
exudate  of  leucocytes  and  with  walls  much  thickened  by  the  infiltration  of  these 
cells  and  mononuclear  cells.  The  walls  of  the  adjacent  alveoli  are  thickened  and 
infiltrated  and  they  contain  leucocytes  and  desquamated  epithelial  cells  and 
much  pigment.  The  occurrence  of  pigmented  epithelium  suggests  the  possi- 
bility of  a  local  obstruction  to  the  outflow  of  blood  or  a  local  chronic  passive 
congestion.  There  is  also  a  great  deal  of  free  blood  in  these  alveoli.  The  bronchi 
contain  streptococci  in  pairs  and  rather  long  chains. 

Cultures  from  the  blood  and  right  limg  showed  Streptococcus  hctmolyUctis. 
Those  from  the  left  pleural  fluid  showed  Pneumococcus  Type  IV  and  the  strep- 
tococcus. 

Case  50. — L,  J.  W.,  age  19  yrs.  Never  had  measles.  The  patient  was  vacci- 
nated against  typhoid  on  Jan.  26,  1918,  and  had  a  severe  reaction.  He  felt  so 
badly  that  he  was  sent  to  the  hospital  where  after  about  a  week  he  developed 
measles,  on  Jan.  30.  Rash  lasted  2  days.  Then  he  walked  about  the  ward  for  a 
few  days  when  he  began  to  have  a  pain  in  his  chest  and  shortness  of  breath. 
Coughed  and  expectorated  a  great  deal  and  vomited.  On  Feb.  10  he  was  foimd 
to  have  a  hacking  cough  but  no  difliculty  in  breathing.  Did  not  seem  very  sick. 
Dulness  over  right  upper  lobe  with  hai^  breath  sound.  Fine  moist  r&les  over 
both  lower  lobes  behind.  On  Feb.  15  complained  of  bad  stitch  in  left  side;  cough 
short  and  grunting.  Marked  dulness  in  lower  left  back  with  suppression  of 
breath  sounds.  Feb.  16,  1918,  10  cc.  of  turbid  fluid  aspirated  from  left  side. 
Feb.  18,  operation  for  drainage  of  left  side.  Died  Mar.  2, 1918.  Sputum  on  Feb. 
14  gave  B.  influenta  and  Streptococcus  hamolyticus.  Blood  culture  on  Feb.  14 
negative.  Pleural  fluid  Feb.  16  showed  Streptococcus  hcsmolyticus.  Autopsy 
Mar.  3,  1918. 
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Anatomical  Diagnosis:  Lobar  pneumonia  with  empyema  {left).  Interstitial  bron- 
chopneumonia {left). 

Left  pleural  cavity. — ^In  the  left  posterior  axillary  line  there  is  a  wound  over 
the  9th  rib  from  which  protrudes  a  rubber  drainage  tube  discharging  a  small 
amount  of  foul  smelh'ng  fluid.  The  limg  is  bound  on  the  anterior  margin  by 
light  fibrinous  adhesions  which  become  more  dense  as  the  empyema  cavity  is 
approached.  Between  the  anterior  margin  of  the  lung  and  the  pericardium  there 
is  an  encapsulated  pocket  containing  50  cc.  of  thick  greenish  yellow  pus.  The 
base  of  the  lung  is  densely  adherent  to  the  diaphragm  by  fibrinous  adhesions. 
The  pleura  over  the  anterior  part  of  the  lower  lobe  is  covered  with  a  thin  fibrinous 
exudate,  while  that  over  the  anterior  portion  of  the  upper  lobe  is  smooth  and 
glistening.  The  pleura  over  the  posterior  surfaces  of  the  upper  and  lower  lobes 
is  covered  by  a  thick  fibrinopundent  exudate,  the  parietal  pleura  corresponding 
with  this  showing  a  similar  exudate.  The  empyema  cavity  contains  only  a  few  cc. 
of  pus.  Right  pleural  cavity. — ^There  is  no  excess  of  fluid,  the  limg  is  free  from  ad- 
hesions, and  the  pleural  surfaces  are  everywhere  smooth  and  glistening.  Left 
lung. — Except  for  the  anterior  margin  of  the  upper  lobe  the  whole  left  limg  is 
consolidated  and  on  section  both  lobes  arc  greyish  red  in  color  with  a  few 
scattered  areas  which  are  more  hemorrhagic.  There  appears  to  be  no  thick- 
ening of  the  bronchial  walls  although  the  bronchi  are  filled  with  purulent  mate- 
rial. The  mucosa  is  hemorrhagic.  The  bronchial  lymph  glands  are  slightly 
enlarged.  Right  lung. — ^The  whole  lung  is  uniformly  air-contaim'ng  except  for 
a  slightly  firmer  patch  in  the  upper  lobe  which  on  section  is  slightly  more 
greyish  than  the  surrounding  limg  but  does  not  seem  definitely  consolidated; 
the  alveoli  contain  no  plugs  of  exudate  which  project  above  the  surface.  There 
is  no  thickening  of  the  bronchial  walls  although  they  contain  a  thick  creamy 
pus.  Pericardium. — Contains  50  cc.  of  slightly  turbid  fluid  with  a  few  floating 
strands  of  fibrin.  The  surfaces  are  slightly  injected  with  an  occasional  petechial 
hemorrhage  but  they  have  not  lost  their  gloss. 

Cultures  from  the  pericardial  fluid  gave  Streptococcus  hamolyticus  in  pure  cul- 
ture. Those  from  the  limg,  pleural  pus,  and  blood  gave  also  Streptococcus  homo- 
lyUcus  but  contaminated  with  a  Gram-negative  bacillus. 

Microscopic  Examination. — ^The  left  lung  shows  a  pleura  which  is  converted 
into  a  thick  layer  of  granulation  tissue  surrounded  by  dense  fibrin.  The  inter- 
lobular septa  are  not  conspicuous.  The  bronchi  are  scarcely  altered.  The  alveo- 
lar walls  are  of  normal  thickness,  the  alveoli  fiUed  with  leucocytes.  There  is  little 
evidence  of  blood  or  even  of  any  considerable  amount  of  fibrin.  In  many  places 
the  alveolar  walls  become  scarcely  visible  and  a  whole  area  seems  to  fuse  into  a 
mass  of  leucocytes.  In  other  places  the  leucocytes  in  each  alveolus  are  reduced 
to  a  dust  of  fragments.  Many  Gram-positive  cocci  are  present  among  the  leu- 
cocytes in  the  exudate.  These  are  in  very  short  chains,  although  there  are  some- 
times as  many  as  ten  in  a  chain.  They  are  quite  large  and  elongated  and  grow 
rather  stifiSy  and  not  in  sinuous  lines.    One  has  the  impression  that  they  may  be 
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pneumococci  and  not  strq>tococci,  although  only  the  latter  were  cultivated  from 
the  limg  and  pleura.  Their  distribution  and  the  nature  of  the  lesion  suggest  this 
strongly.  There  are  places  in  the  same  lung,  however,  beneath  the  thickened 
pleura  but  in  areas  not  consolidated  by  the  alveolar  exudate  in  which  the  inter- 
lobular septa  are  thickened  and  contain  thrombosed  lymphatics.  The  alveoli 
contain  fluid  and  desquamated  epithelium  and  their  walls  are  infiltrated  with 
mononuclears.  The  bronchi  are  greatly  thickened  and  infiltrated  with  mono- 
nuclears and  show  thrombosed  lymphatics  in  their  walls.  In  a  word,  the  whole 
picture  is  that  of  interstitial  bronchopnetmionia. 

The  right  Ixmg  seems  normal.  This  may  be  a  lobar  pneumonia  caused  by  the 
pneumococcus  in  which  a  secondary  infection  has  overgrown  the  first. 

Case  180. — ^W.  H.,  age  27  yrs.  Negro.  Had  German  measles  beginning  on 
Apr.  28,  1918.  No  history  of  measles.  Entered  hospital  May  7,  when  a  diag- 
nosis of  lobar  pneumonia  involving  the  right  lower  lobe  was  made.  Sputum  was 
yellow,  mucopurulent,  and  nummular,  and  was  found  to  contain  Pneumococcus 
T3rpe  11  at3rpical,  and  influenza  bacillus.  Blood  culture  on  May  8  gave  a  pure 
culture  of  Pneumococcus  Type  n  atypical.  There  was  acute  pharyngitis. 
Died  May  11, 1918,  2  a.m.    Autopsy  May  11, 1918, 10  a.m. 

Anatomical  Diagnosis:  Clinical  history  of  German  measles.  Lobar  pneumonia 
(right  upper  and  middle  lobes).  Interstitial  bronchopneumonia  (right  middle  and 
lower  and  left  lower  lobes).    Serofibrinous  pleurisy  (right).    Ulcerative  laryngitis. 

Left  pleural  cavity. — Contains  no  fluid.  The  surfaces  are  smooth  and  glisten- 
ing. There  are  no  adhesions  although  both  costal  and  pulmonary  pleura  are  ex- 
tensively scarred.  Right  pleural  cavity. — ^The  surfaces  are  slightly  glued  together 
by  a  thin  fresh  fibrinous  exudate  which  contains  about  20  cc.  of  turbid  brownish 
fluid.  The  surfaces  are  duUed  over  the  whole  Ixmg.  Left  lung. — ^The  Ixmg  is 
voluminous;  the  pleural  surfaces  are  smooth.  The  upper  lobe  is  cushiony  and 
on  section  is  air-containing  throughout.  In  the  lower  lobe  there  are  some  firm 
patches  in  the  posterior  lower  margin.  Most  of  the  lower  lobe  is  air-containing, 
but  there  are  some  small  patches  of  consolidation  surrounded  by  zones  of  col- 
lapsed hmg  in  the  posterior  portion.  Right  lung  (Fig.  54) . — ^The  hmg  is  very  large 
and  heavy,  the  upper  and  middle  lobes  except  for  the  apical  and  anterior  marginal 
portions  being  firmly  consolidated.  The  lower  lobe  is  largely  collapsed  and  feels 
nodular  throughout.  On  section  the  whole  lower  and  posterior  parts  of  the 
upper  and  middle  lobes  are  consolidated  and  gre3rish  red  in  color,  each  alveolus 
containing  a  plug  of  gre3rish  exudate.  The  anterior  portions  are  air-containing  in 
general,  but  there  are  small  patches  of  collapse  and  a  number  of  small  nodular 
peribronchial  consolidations  which  can  be  traced  to  some  extent  into  the  area  of 
lobar  consolidation.  In  the  lower  lobe  the  tissue  is  air-containing  and  appears 
normal  except  in  the  lower  posterior  portion  where  there  is  a  group  of  firm  greyish 
nodules  surrounded  by  collapsed  lung  tissue.  The  bronchi  are  reddened  and 
contain  a  turbid  frothy  fluid.  The  bronchial  glands  are  enlarged,  soft,  and  grey. 
The  mucosa  of  the  tnu±ea  is  deeply  reddened.    Organs  of  the  neck.— -The  base 
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of  the  tongue  and  the  pharynx  in  general  are  reddened.  The  tonsils  are  much 
enlarged.  There  are  ulcerations  over  the  back  of  the  uvula  and  on  the  sides  of 
the  nasopharynx  behind  the  pillars  of  the  fauces.  The  posterior  aspect  of  the 
epiglottis  is  reddened  but  not  ulcerated,  but  the  vocal  cords  are  rather  deeply 
ulcerated  on  both  sides.  The  mucosa  of  the  larynx  b  red  and  there  is  a  ragged 
dull  opaque  area  on  the  right  side  below  the  vocal  cords. 

Cultures  at  autopsy  showed  Streptococcus  futmolyticus  in  the  heart's  blood, 
left  lung,  and  right  pleura.  Pneumococcus  T3rpe  II  at3rpical  was  recovered  in 
culture  from  both  lungs.  Gram-positive  diplococd  were  found  in  smears  from 
the  larynx. 

Microscopic  Examination. — Section  of  the  vocal  cord  shows  a  superficial  loss  of 
substance  with  an  inflammatory  reaction  and  numerous  streptococci  on  the  sur- 
face of  the  necrotic  material.  There  are  remnants  of  coagulated  epithelium  and 
many  fragmented  leucocytes  in  the  surface  layer.  The  ulceration  is  not  very 
deep,  but  the  streptococci  are  foimd  in  the  crevices  of  the  tissue  for  a  considerable 
distance  below  the  surface. 

Sections  from  the  upper  lobe  of  the  right  lung  show  a  rather  thin  but  dense 
fibrinous  exudate  over  the  pleura.  The  surface  of  this  b  sprinkled  with  Gram- 
positive  micrococci  in  pairs  and  short  chains. 

The  interlobular  septa  are  wide  and  edematous  and  infiltrated  with  fibrin. 
The  lymphatics  are  very  large  and  are  filled  with  blood,  leucoc3rtes,  and  mono- 
nuclear cells  and  fibrin.    Gram-positive  cocci  are  abimdant  among  these  cells. 

The  bronchi  are  rather  delicate  and  although  their  walls  are  slightly  infil- 
trated with  mononuclear  cells  they  are  not  thickened.  Their  lymphatics  are 
plugged  in  exactly  the  same  way  as  those  of  the  septa  and  blood  vessel  walls. 
The  alveolar  walls  are  normal  in  thickness.  The  cavities  are  filled  with  a  uni- 
form exudate  of  polymorphonuclear  cells  with  occasional  red  corpuscles  and  a  net- 
work of  fibrin.  There  are  many  cocci  in  pairs  evenly  distributed  and  often 
contained  in  leucocytes.  In  the  margins  of  the  area  of  consolidation  some  of  the 
bronchi  are  more  definitely  thickened  and  infiltrated,  and  the  same  condition  is 
found  in  the  walls  of  some  blood  vessels.  The  alveolar  exudate  remains  the 
same.  In  the  lower  lobe  the  condition  is  different.  The  pleural  changes  are 
about  the  same,  the  interlobular  septa  wide  with  l3rmphatics  obstructed  by  mas- 
sive thrombi.  But  the  bronchi  even  to  their  smallest  branches  are  greatly  thick- 
ened. They  contain  massed  leucocytes  with  streptococci  and  nimierous  influ- 
enza bacilli.  The  epithelium  is  in  some  instances  destroyed  and  gives  place  to 
a  necrotic  lining  layer.  The  walls  are  like  a  loose  vascular  granulation  tissue 
with  radially  placed  blood  vessels  and  dense  mononuclear  infiltration.  The  alve- 
olar walls  are  enormously  thickened.  New  connective  tissue  has  formed  in  their 
thickness  as  in  the  bronchial  walls  and  they  are  densely  infiltrated.  The  alveolar 
cavities  are  filled  with  blood  in  many  places  especially  near  the  bronchi,  but 
others  are  filled  with  fluid.  All  contain  desquamated  epithelial  cells,  some  mono- 
nuclear cells,  and  dense  plugs  of  fibrin.    In  many  cases  there  is  evidence  of  or- 
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ganization  of  the  exudate,  and  columns  of  vascular  granulation  tissue  extend  into 
the  bronchioles. 

There  is  in  this  case  a  sharply  defined  lobar  pneumonia  in  one  part  of  the  lung 
and  an  equally  distinct  and  characteristic  interstitial  bronchopneumonia  in  other 
parts.  From  the  one  the  pneumococcus  was  isolated,  from  the  other  the  strepto- 
coccus. The  lesions  overlap  scarcely  at  all.  Influenza  bacilU  are  scattered 
widely  through  the  lung  and  are  found  in  the  larynx. 

Several  cases  are  separated  to  form  thi^  group  because  the  lung 
shows  a  typical  lobar  pneumonia  in  one  lobe  and  equally  typical 
lesions  of  interstitial  bronchopneumonia  scattered  through  the  re- 
maining tissue  of  the  same  Itmg.  This  is  especially  striking  in  Cases 
21  and  180  in  which  the  pneimiococcus  was  cultivated  from  the  area 
of  lobar  pnetunonia  and  the  streptococcus  from  the  bronchopneumonia 
lesions.  Similarly  these  organisms  could  be  demonstrated  in  as  far 
as  their  morphology  permits  of  their  recognition,  in  characteristic 
distribution  in  the  corresponding  lesions.  Influenza  bacilli  accompany 
the  streptococcus  in  Case  180  but  there  are  none  in  Case  21. 

In  several  cases,  Nos.  33,  36,  and  45,  in  which  there  were  definite 
lesions  of  lobar  pneumonia  in  the  limgs  and  in  which  the  pnetunococcus 
had  been  isolated  from  the  blood  during  life  or  was  isolated  from  other 
lesions  at  autopsy,  it  had  been  overgrown  and  killed  by  the  strepto- 
coccus in  the  limgs  without  the  development  of  typical  streptococcal 
lesions  there.  In  one  case.  No.  25,  in  which  the  pnetunococcus  was 
cultivated  from  the  area  of  lobar  pneumonia,  it  was  nevertheless 
difBicult  to  demonstrate  many  organisms  in  the  sections.  The  limg  was 
supposed  to  be  in  a  state  of  resolution  and  it  seemed  probable  that 
most  of  the  organisms  had  disappeared.  These  examples  tend  to  show 
that  the  pneumococcus  is  in  many  instances  at  least  not  a  very  per- 
sistent organism  and  may  be  supplanted  by  another  such  as  the  strep- 
tococcus. It  is  possible,  although  I  think  we  have  no  strong  evidence 
to  prove  it,  that  in  the  cases  of  the  present  series  in  which  both  or- 
ganisms are  present  and  alive  with  characteristic  lesions  produced  by 
each  in  the  lung,  the  pneumococcus  in  producing  lobar  pneumonia 
has  acted  as  the  forenmner  and  predisposing  agent  to  infection  with 
the  streptococcus. 

The  lobar  pneiunonia  in  these  cases  is  typical  and  within  its  area 
there  are  practically  none  of  the  interstitial  changes  which  belong 
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to  the  Streptococcus.  The  pleura  over  it  is  thin  and  shows  no  granu- 
lation tissue  formation;  the  bronchi  are  filled  with  exudate  but  other- 
wise are  scarcely  altered.  One  passes  abruptly  from  this  into  the  rest 
of  the  lung  where  typical  interstitial  bronchopneimionia  prevails. 
Even  the  plexura  seems  to  become  sKgJitly  thickened  and  hyperemic, 
and  the  interstitial  changes  in  the  bronchi  and  framework  of  the  lung 
stand  out  clearly.  But  it  is  difficult  to  trace  these  lesions  into  the 
area  of  lobar  pneiunonia.  It  is  as  though  the  two  processes  excluded 
each  other,  as  though  the  lobar  pnetunonia  once  developed  formed  a 
barrier  to  the  invasion  of  the  streptococcus  but  more  especially  to  its 
power  of  stirring  the  tissues  to  a  special  type  of  reaction.  One 
might  say  that  having  completed  one  maneuver  of  defense  the  tissues 
are  unable  to  carry  out  a  different  one  at  once. 

On  the  whole,  one  is  impressed  with  the  probability  that  the  pneu- 
mococcus  was  the  first  invader.  Whether  the  pneimiococcus  could 
gain  a  foothold  in  a  limg  already  the  seat  of  extensive  lesions  caused 
by  the  streptococcus  seems  questionable. 

The  following  somewhat  imperfectly  studied  case  is  introduced  at 
this  point  because  it  seems  important  in  suggesting  the  possibility 
that  the  combination  of  lobar  pneumonia  and  interstitial  broncho- 
pneumonia may  be  brought  about  by  the  pneumococcus  alone.  In 
this  instance  culture  from  the  sputum  made  11  da)rs  before  death 
showed  the  predominance  of  Pneumococcus  Type  11,  and  blood  cul- 
ture made  on  the  same  day  showed  the  same  type  of  pneumococcus. 
Unfortunately  no  cultures  were  made  at  autopsy  and  Streptococcus 
fuBtnolyticus  was  never  demonstrated.  Even  in  the  tissues  the  organ- 
isms resemble  morphologically  the  pneumococcus  rather  than  the 
streptococcus.  Influenza  bacilli  are  not  present  in  the  sections. 
Nevertheless  there  are  not  only  extensive  lesions  of  the  type  of  lobar 
pneimionia  but  also  characteristic  interstitial  bronchopneumonic 
lesions.  Since  the  latter  changes  have  been  shown  to  occur  in  cases 
of  pure  infection  with  Bacillus  influenza,  there  is  no  reason  to  suppose 
that  they  coxild  not  be  produced  by  the  pneumococcus,  but  if  this  is 
accepted  as  the  interpretation  of  the  case,  it  stands  alone  in  our 
material. 

Case  iP(J.— R.  G.,  age  25  yrs.  Admitted  May  5.  Died  May  18,  1918.  On- 
set about  May  1  was  gradual  with  slight  pain  in  the  chest,  cough,  and  aching 
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in  back  and  legs.  Physical  examination  on  admission  revealed  dulness  over  the 
right  lower  lobe,  with  fine  r&les,  and  high  pitched  expiration.  On  May  8  there 
was  dulness  with  distant  bronchial  breathing  over  the  right  upper  lobe.  May 
10,  delirium.  May  11,  dulness  and  bronchial  breathing  over  the  left  lower  lobe. 
Voice  sounds  somewhat  diminished  as  though  by  fluid.  Cyanosis.  Temperature 
high  in  the  beginning,  103-105T. ;  later  101-103*.  During  the  last  4  days  about 
104*.  Leucocytes  12,000-20,000.  Sputum  culture  on  May  7  showed  as  the 
predominant  organism  Pneimiococcus  Type  11.  Blood  culture  on  May  7  showed 
Pneimiococcus  Type  n  in  considerable  numbers.  Autopsy  May  18,  4  hours 
after  death,  by  Major  Glomset. 

Anatomical  Diagnosis:  Lobar  pneumonia  (left  upper  lobe).  Bilateral  inter^ 
stitial  bronchopneumonia.    Acute  splenic  tumor. 

Left  pleural  cavity, — ^There  is  no  accumulation  of  fluid.  The  surfaces  are  glued 
together  by  fibrin  ov^  the  upper  lobe  of  the  limg  but  are  easily  separated. 
Fight  pleural  cavity. — No  excess  of  fluid  is  present.  The  surfaces  of  the  lower 
part  of  the  upp^  lobe  and  the  middle  lobe  are  covered  with  fresh  fibrinous  exu- 
date. Pericardial  cavity. — Contains  100  cc.  of  clear  straw-colored  fluid.  The 
surfaces  are  smooth.  Left  lung. — ^The  lung  is  not  collapsed.  In  the  upper  lobe 
there  is  a  patch  of  coarsely  granular  consolidation  which  is  greyish  in  color  and 
involves  the  upper  half  of  the  lobe.  The  lower  lobe  is  studded  with  small  greyish 
nodtdes  which  are  related  to  the  bronchioles  and  surrounded  by  dark  brown 
peripheral  zones.  Eight  lung. — ^The  upper  lobe  contains  a  number  of  palpable 
nodules  which  on  section  are  branched,  grey  or  greyish  yellow,  and  often  sur- 
rounded by  hemorrhage.  There  are  in  the  anterior  part  two  distinct  areas  of 
consolidation  which  are  granular  with  hemorrhagic  patches.  In  the  lower 
lobe  there  are  numerous  small  nodular  areas  of  opaque  yellowish  grey.  These 
branch  and  follow  the  bronchioles  and  several  are  seen  within  a  single  lobule 
(Fig.  55). 

Microscopic  ExaminaUon. — ^The  area  in  the  left  upper  lobe  shows  the  alveoli 
filled  with  an  exudate  of  leucoc3rtes  among  which  abundant  pneimiococd  are 
found.  In  the  lower  lobe  and  elsewhere  throughout  the  lung  the  lesions  are 
typically  those  described  as  interstitial  bronchopneumonia. 

The  pleura  is  practically  imaltered.  The  interlobular  septa  are  widened 
with  some  infiltration  of  cells  but  especially  by  the  greatly  dilated  and  throm- 
bosed lymphatics  which  can  be  traced  into  the  arterial  and  bronchial  walls. 
The  bronchi  are  filled  with  masses  of  leucocytes  among  which  are  Gram-positive 
diplococd,  often  separated  by  a  space  from  the  adjacent  material  and  therefore 
appearing  to  have  a  capsule.  These  are  sometimes  in  short  chains  of  four  or 
six  but  never  in  long  sinuous  chains.  Influenza  bacilU  were  carefully  searched 
for,  but  were  not  found.  The  mucosa  of  the  bronchi  is  greatly  swollen  and  the 
wall  thickened  by  the  formation  of  a  loose,  very  vascular  granulation  tissue  with 
abimdant  mononuclear  wandering  cells.  The  adjacent  alveoli  are  filled  with 
dense  plugs  of  fibrin  with  many  red  corpuscles  and  some  desquamated  epithelial 
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cells.  The  fibrin  is  in  many  places  partly  or  completely  organized  and  clothed 
in  a  single  layer  of  epithelium.  Hemorrhage  of  a  fresh  character  is,  however, 
prominent.  The  alveolar  walls  and  indeed  all  the  tissues  of  the  lung  about  the 
infected  bronchi  are  thickened  and  infiltrated  with  mononuclear  cells. 

In  connection  with  these  peribronchial  changes  there  are  numerous  small 
patches  of  consolidated  lung  tissue  in  which  the  alveoli  are  packed  with  leuco- 
cytes together  with  phagoc3rtic  epithelial  cells.  In  these  areas  the  coed  are 
scattered  in  great  abundance,  although  elsewhere  they  are  practically  con- 
fined to  the  bronchial  contents  and  lymphatics. 

6.  Old  Empyema. 

Case  52.^U.  C,  age  24  yrs.  Entered  the  hospital  Jan.  12, 1918,  with  fever  of 
sudden  onset  beginning  3  hours  before  he  was  brought  to  the  hospital.  Breath- 
ing was  rapid  and  he  was  expectorating  a  reddish  foamy  sputum.  Dulnessover 
right  lower  chest  behind  and  breath  sounds  scarcely  audible.  On  Jan.  15  the 
breath  soimds  became  tubular  over  this  area,  but  on  Jan.  26  they  were  again  in- 
audible, although  the  dulness  persisted.  Pus  was  aspirated  from  the  chest  and 
found  to  contain  pneumococd.  On  Jan.  28  the  8th  rib  was  resected  and  the 
thorax  drained.  The  temperature  which  was  irregular  and  ranged  up  to  104*  F. 
fell  and  remained  normal  until  about  the  middle  of  February  when  it  again  be- 
came irregularly  elevated.  On  Feb.  22  the  7th  rib  on  the  right  side  was  resected. 
Smears  from  the  pus  discharged  showed  a  Gram-positive  diplococcus,  but  no 
culture  was  made.  After  the  second  operation  the  patient's  temperature  became 
practically  normal  and  he  seemed  to  be  doing  well.  He  died  suddenly  upon 
sitting  up  in  bed  on  Mar.  4.    Autopsy  Mar.  5, 1918. 

Anaiomical  Diagnosis:  Empyema  (fight)  with  drainage.  Atelectasis  cf  right  lung. 
Embolism  of  pulmonary  artery. 

Left  pleural  cavity, — Contains  no  excess  of  fluid;  siurfaces  are  smooth  and 
glistening.  Right  pleural  cavity, — ^There  is  a  small  partly  healed  wound  in  the 
right  axillary  line  over  the  8th  rib.  In  the  right  midscapular  line  there  is  a 
fresher  wound  from  which  blood  and  pus  exude  through  a  rubber  tube.  On 
opening  the  thorax  it  is  foimd  that  the  mediastinal  tissues  on  the  right  side  are 
infiltrated  with  a  purulent  exudate.  There  are  dense  adhesions  between  the  base 
of  the  lung  and  the  diaphragm  and  with  the  costal  pleura  over  the  whole 
lower  and  anterior  part  of  the  lung.  From  the  apex  downward  and  extending 
half-way  forward  there  is  an  unobliterated  part  of  the  pleural  cavity  which  is 
lined  with  thick  red  velvety  granulation  tissue  and  filled  with  purulent  fluid.  It 
is  found  that  the  old  operation  wound  extends  through  the  8th  rib,  a  part 
of  which  has  been  removed.  This  woimd  is  incompletely  healed  internally. 
The  second  operation  wound  involves  the  same  rib  with  removal  of  another 
portion.  Left  lung, — Normal  throughout,  but  in  the  pulmonary  artery  there 
b  impacted  a  folded  mass  of  thrombi  which  are  loose  but  large  enough  to 
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occlude  it.  These  thrombi  are  nowhere  adherent  and  the  wall  of  the  blood  vessel 
is  normal.  Right  lung. — ^The  pleiira  on  the  upper  posterior  aspect  is  covered  with 
granulation  tissue  as  described.  The  bronchi  are  slightly  reddened.  On  section 
the  lower  lobe  posteriorly  is  completely  collapsed,  but  there  b  no  area  of  con- 
solidation. The  upper  and  middle  lobes  are  air-containing  throughout.  The 
pulmonary  artery  contains  several  large  thrombus  masses  one  of  which  is  bent 
upon  itself  and  glued  together  in  that  position  by  a  fresh  dot.  Another  is  smaller 
and  hollowed  out.  They  are  sufficient  to  occlude  the  artery,  the  wall  of  which 
is  smooth  except  for  one  small  patch  which  is  slightly  roughened. 

The  iliac  veins  are  normal  on  both  sides  and  the  walls  perfectly  smooth.  The 
femoral  veins  are  smooth  as  far  as  they  could  be  opened  and  nothing  but  liquid 
blood  could  be  pressed  up  from  them.  The  pelvic  veins  show  no  thrombi.  The 
vena  cava  is  smooth  throughout.  So  too  the  azygos,  the  jugulars,  subdavians, 
and  other  veins  seem  quite  smooth  and  contain  no  thrombi.  The  heart  is  not 
enlarged  and  rather  flabby  and  soft.  The  endocardium  is  smooth  throughout; 
the  valves  are  delicate  and  competent.   There  are  no  thrombi. 

Smears  from  the  lung  tissue  and  pleural  fluid  showed  many  Gram-positive  diplo- 
cocci  often  in  short  chains,  but  in  cultures  these  were  overgrown  by  a  Gram- 
negative  bacillus  with  putrefactive  odor. 

Microscopic  Examination. — ^The  right  lung  shows  in  part  a  thick  fibrous  pleural 
covering.  Where  it  adjoins  the  empyema  cavity  and  in  the  interlobar  adhe- 
sions there  b  a  vascular  granulation  tissue  filled  with  mononudear  and  plasma 
cells.  There  are  certain  round  empty  spaces  surrounded  by  giant  cells,  evidently 
produced  by  some  foreign  body.  The  lung  itself  is  extensivdy  collapsed  and  the 
alveoli  are  filled  with  pigmented  epithelial  ceUs.  Thb  represents  a  local  chronic 
passive  congestion  caused  by  the  collapse.  Otherwise  no  especial  alteration  of  the 
hmg  substance  b  to  be  observed.  The  left  lung  is  normal.  The  thrombi  in  the 
pulmonary  artery  show  the  characteristic  architecture  with  strands  of  platelets 
bordered  by  leucocytes.    They  are  fresh  and  show  no  signs  of  organization. 

Case  53.— R.  J.  O'M.,  age  23  yrs.  Hbtory  negative.  On  Feb.  i,  1918,  he 
had  a  severe  chill  followed  by  high  fever  and  a  pain  in  hb  right  side  and  was 
admitted  to  the  hospital.  Physical  examination  at  thb  time  was  negative  al- 
though the  temperature  was  102.4**  F.  and  the  pain  in  the  side  dbtressing.  On 
Feb.  6  leucocytes  were  23,000  (polymorphonuclears  94  per  cent).  There  was 
some  abdominal  pain  and  rigidity.  Temperature  ranged  from  101-104.6*' F., 
respiration  20-40.  On  Feb.  12, 150  cc.  of  pus  were  aspirated  from  the  left  chest 
and  a  streptococcus  was  found  in  smears  and  cultures.  On  Feb.  14  the  7th  rib 
was  resected  under  local  anesthesia.  Temperature  remained  as  before  and  patient 
died  on  Mar.  5, 1918.    Autopsy  Mar.  6,  1918. 

Anatomical  Diagnosis:  Multiple  pulmonary  abscesses.    Bilateral  empyema. 

Left  pleural  cavity. — Partly  obliterated  by  fibrinous  adhesions  in  the  upper  por- 
tion, while  in  the  lower  part  the  lung  b  retracted  from  the  chest  wall  and  the 
pleural  siurfaces  are  covered  with  a  thick  fibrinopurulent  exudate.    In  the  axillary 
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line  over  the  11th  rib  there  is  an  incision  wound  and  a  portion  of  the  rib  has  been 
removed.  Very  little  fluid  remains  in  the  cavity.  Righi  pleural  cavity. — Partly 
obliterated  by  adhesions,  but  in  the  lower  portion  there  are  about  300  cc.  of 
purulent  fluid.  The  lower  lobe  of  the  lung  is  collapsed  and  the  pleural  surfaces 
are  covered  by  a  yellow  flbrinopurulent  exudate.  The  anterior  border  of  the 
lung  is  adherent  to  the  pericardium  and  beneath  it  is  an  encapsulated  pocket  con- 
taining about  50  cc.  of  turbid  fluid.  Left  lung. — ^The  lower  lobe  is  collapsed,  but 
the  whole  lung  can  be  inflated  artificially  except  the  posterior  inferior  portion  of 
the  upper  lobe.  The  upper  lobe  is  air-containing  on  section  except  for  an  area 
7  cm.  in  diameter  in  the  posterior  part,  which  is  gre3ash  red  and  consolidated.  It 
includes  several  soft  yellow  areas  which  project  above  the  cut  surface.  In  the 
lower  lobe  there  are  several  yellow  areas  which  are  irregular  in  outline  and  fre- 
quently confluent  and  surrounded  by  consolidated  lung.  These  are  fairly  firm 
and  contrast  sharply  with  others  which  measure  about  0.5  to  1  cm.  and  are 
slightly  elevated.  The  latter  are  filled  in  the  center  with  a  dark  greyish  fluid 
which  can  be  readily  expressed,  leaving  a  crater-like  depression  with  necrotic  sides. 
They  are  not  surrounded  by  so  much  induration  as  the  firmer  yellow  areas. 
Bronchial  glands  are  enlarged  and  softened  but  contain  no  fod  of  caseation. 
Right  lung. — ^The  pleura  is  slightly  thickened  and  covered  with  a  ribbed  fibrinous 
exudate.  In  the  upper  lobe  the  texture  is  coarse,  and  the  s^ta  are  prominent. 
There  is  a  yellowish  grey  flecked  consolidation  in  the  lower  part  of  the  upper 
lobe  and  in  the  middle  lobe.  This  is  not  uniform  but  appears  to  form  a  sort  of 
network  of  alternating  spongy  and  grey  translucent  tissue  often  mottled  with 
yellow.  There  are  several  abscesses  measuring  3  to  5  mm.  or  even  more  and 
surrounded  by  a  halo  of  red.  The  lower  lobe  is  air-containing  but  has  one  ab- 
scess about  1  cm.  in  diameter  in  its  upper  portion.  The  lymph  glands  are  en- 
larged and  soft. 

Cultures  at  autopsy  gave  the  hemol3rtic  streptococcus  in  blood  and  pleural 
and  pericardial  fluid,  but  in  each  case  it  was  overgrown  by  a  Gram-positive 
bacillus. 

Microscopic  Examination. — ^The  pleura  over  the  left  lung  is  covered  with  thick 
granulation  tissue  and  fibrin.  In  places  the  interlobular  septa  are  thickened  and 
contain  lymphatics  filled  with  bacteria  and  leucocytes.  In  certain  areas  the 
limg  substance  is  not  much  altered  except  that  throughout  sharply  outlined 
patches  which  reach  up  to  the  pleura  the  alveoli  are  filled  with  a  purulent  exudate 
with  abundant  bacteria.  The  neighboring  alveoli  are  flattened  and  collapsed.  In 
the  central  portion  the  bacteria  form  a  cteud  and  the  cells  including  the  walls  of 
the  alveoli  have  become  necrotic.  In  other  areas  there  are  no  abscesses  but  there 
is  an  advanced  organization  of  exudate  in  the  alveoli.  The  strands  of  new  con- 
nective tissue  are  covered  with  epithelial  cells.  In  the  center  of  some  of  these 
strands  there  are  spaces  lined  with  epithelium  which  look  almost  as  though  it 
were  attempted  to  produce  new  alveoli  there. 
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Case  57.— H.  H.  H.,  age  18  yrs.  History  negative.  On  Jan.  18,  1918, 
the  patient  had  a  cold  followed  by  weakness  and  anorexia.  Since  Jan.  27 
has  felt  worse  and  there  has  been  pain  in  the  right  chest.  On  Feb.  1  had  a  definite 
chill  and  was  admitted  to  the  hospital.  Ph3rsical  examination  was  negative  ex- 
cept for  signs  of  fluid  in  the  right  pleural  cavity.  Temperature  101®  F.,  pulse  98, 
respiration  23.  Leucocytes  23,400.  On  Feb.  3,  30  cc.  of  cloudy  fluid  were  aspi- 
rated from  the  right  chest,  and  streptococci  were  found  in  smears  and  culture. 
This  was  repeated  on  Feb.  8,  and  on  Feb.  13  the  7th  right  rib  was  resected  and 
drainage  established.  On  Feb.  18  the  temperature  rose  to  102.4®  and  continued 
to  range  between  100®  and  104®  until  death  on  Mar.  8,  1918.  Autopsy  Mar.  8, 
1918,  at  1.30  p.m. 

Anatomical  Diagnosis:  Empyema  {right  side)  with  drainage.  Atelectasis  of  right 
lung.    Subacute  pericarditis. 

Pericardial  cavity. — Contains  a  small  amount  of  fibrinopurulent  exudate. 
The  parietal  and  visceral  layers  of  the  pericardium  are  granular  and  covered 
with  fibrin  and  in  a  few  places  are  bound  together  by  frail  adhesions.  The 
surfaces  are  flecked  with  hemorrhages.  Left  pleural  cavity. — Contains  no 
fluid;  the  surfaces  are  smooth  and  glistening.  Right  pleural  cavity. — ^In  the 
right  axillary  line  there  is  a  wound  10  by  5  cm.  with  necrotic  edges.  This 
extends  into  the  posterior  part  of  the  pleural  cavity  which  contains  about  400 
cc.  of  dark  greenish  foul  smelling  pus.  The  pleural  surfaces  are  covered  with  a 
greenish  fibrinopurulent  exudate  about  5  nmi.  in  thickness.  The  surfaces  are 
bound  together  along  the  anterior  margin  of  the  limg.  Left  lung. — ^The  lung  is 
crepitant  throughout  and  is  everywhere  easily  inflated.  On  section  there  is  no 
consolidation  and  the  limg  is  normal  in  texture.  Right  lung. — ^The  lung  is  col- 
lapsed against  the  vertebral  column  and  is  heavy  and  airless.  There  is  no  con- 
solidation and  the  bronchi  do  not  seem  to  be  thickened  but  luminaare  somewhat 
dilated.  The  bronchial  mucosa  is  pale  grey.  Bronchial  glands  slightly  enlarged 
and  soft. 

Cultures  are  not  recorded  from  this  case. 

Microscopic  Examination. — ^The  left  lung  appears  to  be  normal.  The  right  limg 
is  covered  with  a  dense  flattened  fibrous  granulation  tissue  over  which  is  a  thick 
layer  of  purulent  material.  The  interlobular  septa  are  very  wide  and  dense  like 
hard  old  connective  tissue.  The  lymphatics  where  they  are  discoverable  are  em- 
bedded in  this  dense  tissue,  not  enlaiged  but  filled  with  leucocytes  and  mono- 
nuclear cells. 

The  bronchi  are  rather  thick  waUed  but  have  a  scarred  look  as  though  they  had 
receded  from  a  previous  thicker  state.  They  are  not  densely  infiltrated  but  are 
commonly  full  of  leucoc3rtes  and  other  cells.  The  alveolar  walls  are  very  thick 
and  are  not  only  infiltrated  with  mononuclears  but  show  an  actual  connective  tissue 
thickening.    They  are  i;sually  empty  and  quite  collapsed. 

Case  165.— E.  B.  deL.,  age  22  yrs.  On  Apr.  18,  1918,  developed  German 
measles  which  was  succeeded  on  Apr.  24  by  mumps.    Present  illness  b^;an 
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Apr.  27  with  a  pain  in  the  right  chest.  Next  day  the  diagnosis  of  lobar 
pneumonia  with  consolidation  of  the  right  lower  lobe  was  made  and  confirmed  by 
radiogram.  Empyema  developed  Apr.  30,  and  was  recognized  by  aspiration  of 
fluid  which  contained  Streptococcus  h(tmolyticus.  Died  May  4, 1918,  at  5.35  a.m. 
Autopsy  May  4,  1918,  5  hours  after  death. 

Anatomical  Diagnosis:  Old  interstitial  bronchopneumonia  with  empyema  (right). 
Acute  fihrinopurulent  peritonitis.    Phlegmonous  laryngitis. 

Left  pleural  cavity, — Contains  very  little  fluid.  The  surfaces  are  smooth  anteri- 
orly but  posteriorly  are  dark  blue  and  covered  with  hemorrhagic  areas  and  fibrin- 
ous exudate.  Right  pleural  cavity, — G)ntains  about  a  liter  of  turbid  fluid  which  is 
of  the  color  of  pea  soup.  There  are  a  few  floating  shreds  of  fibrin.  The  right  lung 
is  flattened  against  the  outside  of  the  pericardium  and  is  slightly  adherent.  The 
surfaces  of  the  pleura  are  nodular  and  roughened  and  covered,  except  over  patches 
where  the  lung  has  adhered,  with  yellowish  exudate.  Between  the  middle  and 
lower  lobes  there  are  two  pockets  filled  with  yellow  fibrinopurulent  material. 
Left  lung, — ^The  lung  is  voluminous  but  the  lower  lobe  is  somewhat  collapsed. 
On  section  the  upper  lobe  b  dry,  coarse  in  texture,  rather  pale  red,  and  every- 
where air-containing.  The  anterior  and  upper  parts  of  the  lower  lobe  are  quite 
similar,  but  the  lower  and  posterior  parts  are  dark  red  and  collapsed  with  some 
projecting  nodules  which  have  pale  grey  centers.  The  bronchi  in  this  lobe  are 
deeply  congested.  Bronchial  glands  moderately  enlarged.  Right  lung, — Small, 
pasty,  and  airless.  On  section  it  is  almost  entirely  collapsed,  but  there  is  no 
consolidation  except  for  a  few  fairly  firm  projecting  nodvdes  in  the  lowermost 
part  of  the  lower  lobe.  Larynx, — ^The  epiglottis  and  aryepiglottic  folds  are  greatly 
swollen  and  vary  in  color  from  gre3rish  red  to  opaque  yellow.  On  incision  the 
swollen  tissues  are  found  to  be  infiltrated  with  a  purulent  fluid.  There  are  slight 
superficial  ulcerations  at  the  brim  of  the  larynx,  but  the  vocal  cords  are  not  al- 
tered. The  trachea  is  slightly  reddened.  There  are  opaque  yellow  patches  on 
the  wall  of  the  phar3rnx  laterally.  Tonsils  reddened  but  not  swollen.  Other 
organs, — The  peritoneum  contains  a  yeUow  fibrinous  exudate  which  glues  together 
the  intestinal  loops  and  is  especially  abimdant  over  the  right  lobe  of  the  Uver. 
There  are  two  needle  pimcture  wounds  in  the  right  axillary  line  on  a  level  with 
the  nipple.  There  are  one  or  two  points  of  hemorrhage  in  the  diaphragm  and 
there  is  a  small  opaque  yellow  point  in  the  Hver  surrounded  by  a  hemorrhagic 
area  corresponding  fairly  well  in  position  with  the  points  of  hemorrhage  in  the 
diaphragm. 

Microscopic  Examination, — The  right  lung  shows  a  thick  layer  of  granulation 
tissue  replacing  the  pleura  and  covered  with  fibrin.  The  lung  is  completely  col- 
lapsed but  it  can  be  seen  that  the  bronchi  and  blood  vessel  walls  are  moderately 
infiltrated  with  mononuclear  cells.  The  alveolar  walls  are  thickened  by  a  cellu- 
lar infiltration  and  their  cavities  filled  in  part  with  fibrin  and  desquamated  epi- 
thelium. Streptococci  are  seen  in  the  bronchi  associated  with  large  numbers  of 
Gram-positive  spore-bearing  bacilli. 
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Section  of  the  arytenoepiglottic  fold  of  the  larynx  shows  superficial  ulcera- 
tion. There  is  the  most  intense  phlegmonous  inflammation  of  the  underlying 
tissue,  part  of  which  is  spread  wide  by  the  accimiulation  of  fluid,  fibrin,  and 
cells.  But  all  this  area  of  edema  is  necrotic  and  is  found  to  contain  myriads  of 
streptococci  which  form  a  dense  feltwork  in  the  tissue. 

No  cultiu-es  were  recorded. 

Case  183. — ^H.  P.,  age  24  yrs.  Began  May  2, 1918,  with  sore  throat.  Later 
there  was  pain  in  the  chest  beginning  about  May  5,  and  on  May  7  the  physi- 
cal dgns  indicated  a  lobar  consolidation  of  the  right  lower  lobe.  There  was 
dulness  to  flatness  over  the  right  base  with  bronchophony  and  bronchial  breath- 
ing. This  was  confirmed  by  the  radiogram  and  the  suggestion  was  made  that 
there  might  be  fluid  in  that  pleural  cavity.  This  was  made  certain  by  aspira- 
tion on  May  10,  and  on  May  12  a  bloody  fluid  was  aspirated  from  the  pericardial 
cavity.  The  latter  fluid  gave  on  culture  a  mixture  of  Streptococcus  hamolyticus 
and  influenza  bacillus.  The  pleural  fluid  also  gave  the  same  combination.  Blood 
culture  made  on  May  7  was  negative.  Sputum  on  that  day  was  tenacious  and 
mucoid  with  no  blood  and  contained  both  the  hemolytic  streptococcus  and  in- 
fluenza bacillus.  Died  May  11,  1918,  at  4.30  a.m.  Autopsy  May  11,  12  hours 
after  death. 

Anatomical  Diagnosis:  Slight  pulmonary  changes.  Bilateral  empyema.  Acute 
fiifrmopurulent  pericarditis. 

Left  pleural  cavity. — Contains  about  150  cc.  of  yellowish  turbid  fluid.  The 
surfaces  are  dull  and  the  lung  is  slightly  adherent  to  the  pericardial  sac  and  to 
the  diaphragm.  The  tissues  of  the  anterior  mediastinum  are  thickened  by 
an  accumulation  of  turbid  fluid.  Right  pleural  cavity. — Contains  1,400  cc.  of 
turbid  fluid  with  much  brown  sediment  which  can  be  stirred  up  easily.  It 
has  the  appearance  of  thin  pea  soup.  The  surface  of  the  pleura  is  deeply 
reddened  and  is  covered  with  a  layer  of  yellow  fibrin  which  is  easily  re- 
moved. There  is  a  thick  layer  of  fibrin  between  the  lung  and  the  right  side  of 
the  pericardial  sac.  Pericardium. — ^The  pericardial  sac  is  enormously  thickened 
and  contains  about  300  cc.  of  turbid  yellowish  fluid.  The  surface  is  covered  with 
fibrin  which  overUes  a  translucent  reddish  granulation  tissue  in  which  there  are 
some  hemorrhages.  Left  lung. — ^The  lung  is  heavy  and  blue,  and  although  the 
upper  lobe  is  largely  air-containing  the  lower  lobe  is  collapsed  and  in  the  posterior 
portion  dark  bluish  red  and  pasty.  There  are  patches  of  hemorrhage  imder  the 
pleura  between  the  lobes.  On  section  no  areas  of  consolidation  are  to  be  found. 
Right  lung. — ^The  lirng  feels  flabby  and  is  airless.  No  areas  of  consolidation  can 
be  felt  and  upon  artificial  inflation  the  whole  is  distended.  On  section  there  are  no 
solid  portions  except  for  a  small  encapsulated  tubercle  at  the  apex.  The  bron- 
chial glands  are  enlarged  and  purplish  in  color  and  those  at  the  bifurcation  of  the 
trachea  contain  a  few  caseous  tubercles.    The  tracheal  mucosa  is  deeply  reddened. 

Cultures  at  autopsy  showed  the  hemol3rtic  streptococcus  in  the  heart's  blood, 
both  lungs,  right  pleura,  pericardium,  and  mediastinum.  The  influenza  bacillus 
was  found  in  cultures  from  the  right  pleura  and  pericardium. 
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Microscopic  Examination. — ^The  pericardial  surfaces  are  covered  with  an  exu- 
date of  fibrin,  but  there  is  no  underlying  granulation  tissue.  The  epicardium  is 
edematous  and  infiltrated  with  cells,  but  the  lining  pericardial  cells  are  still  visible 
in  most  places.  The  superficial  layer  of  the  heart  muscle  is  spread  apart  by  an 
infiltration  of  leucocytes  and  mononuclear  cells.  The  mediastinal  fat  bordering 
the  pleura  is  edematous  and  infiltrated  with  leucocytes.  In  places  the  tissue  has 
disappeared  and  given  place  to  a  mass  of  disintegrated  leucocytes.  Here  strepto- 
cocci in  chains  are  found  in  enormous  numbers.  So  too  in  the  cellular  debris  which 
adheres  to  the  surface  of  the  fibrin  on  the  pleural  side,  but  no  organisms  are  found 
in  the  denser  fibrin  or  in  the  tissue  where  it  has  not  imdergone  necrosis. 

The  right  lung  shows  several  caseous  tubercles  in  one  area  and  aroimd  them 
the  connective  tissue  structures  are  dense  and  thickened.  Throughout  the  rest 
of  the  lung,  however,  there  is  no  definite  alteration  of  interlobular  septa,  bronchi, 
or  alveoli,  except  near  the  surface  where  there  are  patches  of  edema  and  hemor- 
rhage with  desquamation  of  the  alveolar  epitheHvun  and  fibrinous  exudate  in  the 
alveoli;  even  here  the  bronchi  are  little  changed.  The  pleura  is  converted  into 
a  thick  layer  of  granulation  tissue  with  overlying  fibrin. 

In  the  left  lung  over  which  the  pleura  is  scarcely  thickened  it  is  similarly  diffi- 
cult to  find  any  definite  lesion  in  the  lung.  There  are,  however,  patches  beneath 
the  pleura  in  which  the  alveoli  are  filled  with  partially  organized  exudate  which  is 
ensheathed  in  a  layer  of  epithelium. 

This  case  is  one  which  would  offer  the  greatest  support  to  those  who  favor  the 
idea  of  a  primary  pleurisy.  The  duration  was  only  9  days  in  all  and  only  6  days 
after  the  first  pain  in  the  chest  was  felt. 

The  question  as  to  the  mode  of  infection  of  the  pleura  has  been  dis- 
cussed above  and  the  cases  of  this  group  are  detailed  as  examples  in 
which  it  is  difficult  to  determine  the  mechanism  of  infection.  There 
are  some  who  argue  for  the  primary  and  independent  infection  of  the 
pleura  since  they  find  cases  such  as  these  in  which  it  is  not  easy  to 
observe  striking  changes  in  the  lungs  other  than  the  collapse  which 
is  caused  by  pressure.  They  must  then  have  recourse  to  the  idea 
that  the  bacteria  are  brought  to  the  pleura  by  the  blood  stream  be- 
cause there  is  scarcely  any  other  way  in  which  the  pleura  could  be 
infected.  Since  we  have  so  regularly  found  cultures  of  the  circu- 
lating blood  sterile,  this  explanation  does  not  seem  acceptable. 

It  seems,  on  the  contrary,  necessary  to  hold  to  the  idea  that  infec- 
tion takes  place  by  way  of  the  trachea  and  bronchi  and  extends  thence 
by  way  of  the  lymphatics  of  the  lung  (especially  after  they  are  ob- 
structed by  thrombi)  to  the  pleura.  The  difficulty  in  explaining  this 
origin  of  the  pleurisy  in  such  cases  as  have  just  been  given  is  probably 
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due  to  the  fact  that  they  are  old  cases  in  which  the  empyema  has  per- 
skted  for  a  long  time  during  which  it  is  conceivable  that  the  pxil- 
monary  changes  might  have  been  healed.  In  Case  52  especially,  the 
man  was  convalescent  except  for  remains  of  his  empyema,  but  died 
of  pulmonary  embolism.  In  Case  53  abscesses  are  present  but  there 
are  remains  of  an  old  pneimaonia  which  show  as  organized  exudate, 
in  Case  57  great  thickening  of  the  interlobular  septa  and  alveolar 
walls,  in  Case  165  even  recognizable  remains  of  a  diffuse  interstitial 
bronchopneumonia.  Even  in  Case  183,  which  was  of  only  9  days 
duration  and  in  which  the  explanation  of  the  pleurisy  is  especially 
difficult,  there  are  slight  changes  in  the  lungs.  But  in  all  the  others 
the  tracing  of  the  development  of  the  lesions  in  the  lungs  which  at 
first  are  not  accompanied  by  pleurisy,  into  their  later  stages  in  which 
the  lymphatics  become  so  strikingly  involved  and  pleurisy  arises, 
seems  to  show  clearly  the  dependence  of  the  pleurisy  upon  intra- 
pulmonary  lesions. 

7.  Empyema. 

The  tabulation  and  analysis  of  53  cases  of  all  the  types  of  pneumonia 
as  they  occurred  shows  an  extraordinary  frequency  of  pleurisy  with 
•  fibrinopurulent  effusion  which  is  especially  due  to  the  activity  of  the 
hemolytic  streptococcus.  The  term  empyema  which  is  in  common 
use  is  not  sharply  limited  in  its  significance,  for  although  it  should 
mean  the  filling  up  of  the  pleural  cavity  with  pus  it  has  been  made 
to  do  duty  in  this  epidemic  for  all  those  forms  of  pleurisy  with  exten- 
sive effusion  in  which  although  the  exudate  becomes  distinctly  puru- 
lent if  the  patient  survives  long  enough,  it  is  frequently  in  the  earlier 
stages  a  thin  watery  brownish  turbid  fluid  with  a  granular  sediment 
and  floatiQg  shreds  of  fibrin. 

The  profusion  of  this  fluid  exudate  is  shown  crudely  by  the  state- 
ment that  although  in  thirteen  of  these  cases  the  chest  had  been 
evacuated  by  resection  of  a  rib  and  drainage,  more  than  28  liters  of 
fluid  were  measured  out  at  the  autopsies. 

In  only  seven  of  these  cases  was  a  fluid  exudate  in  any  consider- 
able quantity  found  on  both  sides,  and  then  usually  there  was  a  rather 
small  amount  only  on  the  less  affected  side.  At  the  autopsies  fluid  was 
found  in  quantities  varying  from  10  to  4,000  cc,  but  it  is  possible  that 
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this  does  not  represent  the  extremes.  1,000  to  1,500  cc.  were  com- 
monly found. 

In  the  most  acute  cases  m  which  the  streptococcus  has  produced 
either  peribronchial  or  lobular  lesions  in  the  lungs,  the  pleura  is  gener- 
ally empty  and  its  surfaces  are  smooth  and  glistening.  This  was 
true  in  practically  all  those  in  which  death  occurred  within  8  dajrs 
of  the  onset  of  the  disease  and  also  when  fresh  lesions  developed  in 
the  lung  opposite  to  that  in  which  an  old  affection  was  foimd.  But 
when  the  lung  had  been  infected  for  10  dajrs  or  2  weeks  or  more, 
the  pleura  nearly  always  contained  an  exudate.  Then  the  surface 
was  covered  with  fibrin  overlying  petechial  hemorrhages,  either  as  a 
rough  thin  layer  or  a  thicker  shaggy  or  ribbed  coat  of  yellow  or 
yellowish  green. 

The  character  of  the  fluid  in  these  earlier  cases  is  so  distinctive  that 
at  the  risk  of  repetition  it  should  be  described  once  more.  Niunerous 
epithets  have  been  applied  to  it — ^it  is  like  thin  pea  soup,  like  turbid 
urine,  like  unstrained  bouillon,  like  muddy  water,  but  generally  like 
thin  pea  soup.  It  has  often  a  greenish  cast  and  the  granular  sediment 
which  can  be  stirred  up  in  a  doud  tends  to  settle  in  the  bottom  of  the 
pleura.  Strands  or  flakes  of  fibrin  float  up  in  this  or  hang  from  the 
wall. 

Later  it  rapidly  becomes  more  turbid  and  thick  and  assumes  a  more 
purulent  character,  and  especially  when  it  is  confined  in  localized 
areas  by  adhesions  it  is  often  thick  whitish  green  pus.  When  the 
pleural  cavity  has  been  laid  open  by  resection  of  the  rib  the  fluid 
changes  somewhat,  and  if  it  is  secondarily  infected  with  putrefactive 
organisms  it  becomes  very  foul  and  often  blackish  green. 

It  is  most  characteristic  of  the  streptococcal  pleurisy  that  organiza- 
tion of  the  fibrinous  exudate  occurs  with  great  rapidity,  causing  the 
pleural  membrane  to  become  greatly  thickened  and  converted  finally 
into  a  thick  red  velvety  granulation  tissue  from  which  the  dense  over- 
lying fibrin  can  often  be  brushed  off.  This  is  so  regular  an  occur- 
rence that  it  is  noted  in  32  of  the  42  cases  of  streptococcal  pneiunonia 
analyzed  here,  whereas  it  was  observed  in  only  one  of  the  seven  cases 
caused  by  the  pneumococcus  and  then  to  a  slight  degree  only.  It  is 
not  meant  that  the  organization  of  exudate  and  the  consequent 
thickening  of  the  pleural  membrane  is  necessarily  rare  in  other  forms 
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of  infection,  but  the  rapidity  and  regularity  with  which  this  occurs 
in  the  streptococcal  infection  are  striking.  The  formation  of  adhe- 
sions between  the  lung  and  the  surroimding  tissues  is  of  interest  to  the 
surgeon.  In  many  cases  there  were  no  adhesions  when  a  great  quan- 
tity of  fluid  exudate  had  accumulated  and  then  the  lung  was  f oimd 
collapsed  and  retracted  and  flattened  against  the  mediastinal  tissues 
or  occasionally,  receiving  still  a  little  air,  floating  on  the  fluid.  The 
extreme  collapse  of  the  Itmgs  and  their  consequent  reduction  to  a  blue 
pasty  mass  in  which  firm  nodules  were  palpable  was  another  striking 
feature  of  these  cases. 

In  many  instances  there  were  adhesions  which  limited  the  dis- 
placement of  the  lung  by  the  fluid  or  limited  the  distribution  of  the 
fluid.  Many  of  these  seemed  to  be  old  adhesions  which  antedated  the 
present  disease,  others  appeared  to  have  been  formed  in  the  early 
days  of  the  disease  as  a  gluing  of  the  surfaces  with  fibrin,  and  others 
still  were  found  in  later  stages  forming  a  limiting  wall  about  the 
more  or  less  localized  empyema  cavity.  Occasionally  adhesions 
were  obviously  due  to  the  presence  of  an  intrapubnonary  abscess  or 
other  lesion  which  reached  the  pleura.  In  one  or  two  cases  such 
necrotic  patches  of  the  pulmonary  pleura  were  well  protected  by  the 
formation  of  adhesions. 

The  topography  of  adhesions  in  connection  with  well  developed 
empyema  is  of  especial  interest.  Occasionally  what  seemed  to  be  old 
adhesions  over  the  whole  upper  lobe  maintained  the  position  of  that 
lobe,  while  the  lower  lobe  was  forced  upward  by  the  fluid  collected 
below.  In  other  cases  dense  adhesions  between  parts  of  the  lobe  or 
parts  of  the  pubnonary  and  costal  surfaces  left  commimicating  chan- 
nels connecting  with  the  main  cavity. 

Encapsulated  pockets  of  pus  are  sometimes  f oimd  and  in  this  series 
there  were  thirteen  examples  of  this.  In  nine  cases  the  pus  was  im- 
prisoned between  the  mesial  surface  of  the  hmg  and  the  outside  of 
the  pericardial  sac  by  adhesions  between  the  anterior  margin  of  the 
limg  and  the  mediastinum,  between  the  base  of  the  lung  and  the 
diaphragm,  and  between  the  posterior  margin  of  the  lung  and  the 
posterior  mediastinal  tissues.  Sometimes  as  much  as  300  cc.  of  pus 
were  thus  enclosed.  Of  the  nine  cases  three  also  showed  pockets  of 
pus  in  the  adhesions  between  the  lobes  of  the  limg  and  there  were 


Digitized  by 


Google 


132  PNEUMONIA  IN  ARMY  CAMPS 

three  others  m  which  this  occurred  alone.  In  two  cases  there  was 
found  a  collection  of  100  cc.  of  green  pus  between  the  base  of  the 
lung  and  the  diaphragm,  and  in  one  or  two  there  were  small  collections 
walled  off  between  the  lung  and  chest  wall.  While  many  cases 
showed  encapsulation  of  exudate  at  autopsy,  it  is  possible  that  such 
pockets  were  broken  in  some  of  the  thirteen  cases  in  which  the  pleura 
had  been  opened  by  the  surgeon,  although  in  three  of  the  cases  in  which 
pockets  of  pus  were  foimd  in  these  situations  at  autopsy  there  had 
been  resection  of  a  rib  and  drainage.  On  the  whole  this  is  not  a  large 
proportion,  but  the  failure  to  discover  such  pockets  is  a  constant  source 
of  anxiety  to  the  surgeon. 

There  were  eleven  cases  of  lobar  pneumonia  caused  by  the  pneumo- 
coccus,  among  which  two  were  also  infected  with  the  streptococcus 
and  showed  large  purulent  pleural  exudates.  The  others  had  little 
or  no  fluid  exudate,  but  the  pleural  surfaces  were  glued  together  by 
fibrin.  There  was  no  organization  of  the  fibrin  nor  any  thickening 
of  the  pleural  membrane  by  granulation  tissue. 

This  stands  in  sharp  contrast  to  the  condition  in  the  streptococcal 
cases.  Indeed  in  those  instances,  such  as  Case  21,  in  which  there 
were  both  pneiunococcal  lobar  pneimionia  and  interstitial  broncho- 
pneumonia in  the  same  lung,  the  pleura  was  thickened  over  the  lobe 
affected  by  the  streptococci  but  thin  over  that  lobe  occupied  by  the 
lobar  consolidation. 

There  was  one  case.  No.  188,  of  lobar  pnemnonia  with  organization 
of  the  exudate  over  which  the  pleura  was  slightly  thickened,  but 
another  case,  No..  45,  of  long  standing  in  which  both  pleiural  cavities 
were  obliterated  by  fresh  fibrous  adhesions.  In  both  these  cases  the 
lungs  contained  abundant  influenza  bacilli.  In  most  of  the  cases  of 
lobar  pnemnonia  death  occurred  while  the  pleura  was  covered  with 
unchanged  fibrin. 

The  impression  seems  to  prevail  that  abscess-like  accumulations  of 
pus  in  the  mediastinal  tissues  are  common  in  the  cases  of  streptococcal 
empyema.  I  think,  however,  that  it  is  usually  the  pocket  of  pus 
between  the  mesial  surface  of  the  lung  and  the  mediastinal  tissues 
which  is  mistaken  for  a  mediastinal  abscess.  Nevertheless  there  was 
in  Case  183  a  moderate  accumulation  of  turbid  purulent  fluid  in  the 
tissue  of  the  anterior  mediastinum  below  the  level  of  the  remnant  of 
the  thymus,  and  a  similar  infiltration  was  observed  in  Case  52. 
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8.  Epidemiological  Rdaiians. 

The  rdation  of  measles  to  severe  and  fatal  pulmonary  inflamma- 
tions has  alwa3rs  been  recognized.  So  too  the  importance  of  measles 
as  a  predisposing  disease  in  epidemics  of  pnemnonia  has  been  fairly 
accurately  appraised  since  early  times  and  is  definitely  mentioned  by 
the  writers  who  describe  the  pandemic  of  1812. 

It  is  not  known,  however,  in  just  what  way  measles  facilitates  the 
invasion  of  the  streptococcus.  Very  little  is  known  of  the  actual 
changes  produced  by  measles  in  the  respiratory  tract.  In  all  the 
great  epidemics  of  measles  death  appears  to  have  depended  largely 
upon  pulmonary  infection  or  else  upon  the  fatal  effects  of  exposure, 
starvation,  and  lack  of  care  that  accompanied  several  of  the  out- 
breaks among  savage  people. 

Such  autopsies  as  have  been  performed  upon  cases  of  supposedly  im- 
complicated  measles  have  left  us  with  only  very  vague  results,  and  we 
are  in  no  better  position  to  estimate  the  part  played  by  measles 
in  the  production  of  the  fatal  lesions  than  were  those  who  described 
the  epidemic  during  the  War  of  1812,  except  that  we  know  that  in 
our  experience  the  anatomical  changes  in  the  bronchi  and  lungs  are 
always  associated  with  the  presence  of  Streptococcus  JuBmolyticus.  We 
know  further  that  this  streptococcus  can  cause  the  same  changes 
without  any  predisposing  measles  and  that  they  are  produced  in 
practically  identical  form  in  children  after  whooping  cough  and  diph- 
theria and,  from  at  least  one  case  in  an  adult,  after  scarlet  fever. 
We  are  therefore  inclined  to  ascribe  none  of  the  actual  anatomical 
changes  which  we  can  see  to  measles,  but  all  to  the  secondary  invader. 

Nevertheless  it  is  certain  that  measles  plays  an  important  part. 
In  the  Texas  autopsy  material,  if  we  exclude  7  cases  of  imcomplicated 
lobar  pnemnonia  due  to  the  pneimiococcus,  there  were  28  cases  of 
streptococcal  pnemnonic  infection,  and  of  these  15  had  recently  had 
measles  or  were  still  covered  with  the  rash.  At  Camp  Dodge,  Iowa, 
of  23  cases  of  streptococcal  pneumonia,  8  had  just  passed  through 
measles  and  3  had  had  German  measles.  In  this  epidemic,  how- 
ever, these  particular  figures  are  misleading  since  they  depend  upon 
a  fresh  outbreak  of  measles  pneumonia  at  the  end  of  a  long  epidemic 
in  which  measles  had  played  no  considerable  part,  the  few  cases  of 
measles  having  been  thoroughly  isolated  in  a  distant  barrack. 


Digitized  by 


Google 


134  PNEUMONIA  IN  ARMY  CAMPS 

This  accidental  and  sudden  flare  up  of  streptococcal  bronchopneu- 
monia in  a  barrack  of  measles  patients  among  whom  there  had  pre- 
viously been  no  pneumonia,  although  a  great  epidemic  was  prevailing 
in  the  general  camp,  brings  out  two  important  points.  First,  that  in 
this  camp  the  streptococcus  had  gained  a  foothold  independently  of 
measles  and  produced  an  extensive  and  fatal  epidemic  of  interstitial 
bronchopneumonia.  Second,  that  when  this  infection  did  attack  pa- 
tients ill  with  measles  the  bronchopneumonia  was  much  more  severe 
and  more  quickly  fatal.  It  was  among  these  cases  that  we  foimd  the 
freshest  lesions  in  patients  who  had  died  4  to  8  days  after  the  begin- 
ning of  the  bronchial  symptoms.  It  was  ahnost  exclusively  among 
these  patients  too  that  we  observed  the  hoarseness  and  loss  of  voice 
which  was  explained  by  finding  deep  ulcerations  of  the  vocal  cords 
and  laryngeal  walls. 

Therefore  it  seems  justifiable  to  conclude  that  measles  brings  about 
a  most  effective  predisposition  to  infection  with  the  hemolytic  strep- 
tococcus, although  the  streptococcus  can  invade  and  even  cause 
great  epidemics  without  its  aid.  In  addition  it  may  be  emphasized 
that  the  combination  of  streptococcus  infection  with  measles  seems  to 
produce  a  far  more  intense  affection  than  the  streptococcus  alone, 
but  in  this  we  cannot  yet  recognize  any  anatomical  changes  that  are 
due  to  measles  itself. 

At  this  point  it  may  be  said  that  these  epidemics  of  streptococcal 
bronchopneumonia  have  not  been  confined  to  troops  in  camp  but 
have  existed  in  a  more  moderate  form  in  the  civilian  population  at 
many  points.  Among  children  the  production  of  typical  interstitial 
bronchopneumonia  after  measles  and  whooping  cough  has  been  recog- 
nized at  autopsy  in  a  number  of  cases. 
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SUMMARY. 

Dxiring  the  winter  and  spring  of  1917-18  there  has  prevailed  a  great 
epidemic  of  measles  among  the  troops  quartered  in  the  army  camps. 
It  has  been  especially  prevalent  in  the  southern  camps.  This  is 
probably  partly  due  to  the  fact  that  the  recruits  in  the  South  are 
largely  from  remote  rural  districts  and  are  therefore  more  susceptible 
than  those  in  northern  camps  where  the  proportion  of  city  dwellers 
is  larger  and  the  intercourse  of  rural  dwellers  more  extensive. 

Associated  with  this  epidemic  in  the  southern  camps  there  has 
been  a  great  epidemic  of  a  peculiar  form  of  pneiunonia  caused  by  a 
hemolytic  streptococcus.  / 

Although  this  was  foimd  to  follow  measles  in  a  great  proportion  of 
cases  it  also  affected  men  who  were  recovering  from  some  other 
disease  such  as  scarlet  fever  and  frequently  spread  among  those  who 
had  suffered  no  predisposing  disease.  In  at  least  one  northern  camp 
in  which  we  worked  there  had  been  no  sigm'ficant  outbreak  of  measles, 
but  an  independent  epidemic  of  streptococcal  pneumonia  arose  and 
caused  great  ravages.  Toward  its  conclusion  some  patients  with 
measles  who  were  isolated  in  a  distant  barrack  became  infected  and 
died  rapidly  with  a  most  intense  and  acute  form  of  the  disease. 

Lobar  pneimionia  caused  by  the  several  types  of  pneumococcus 
occurred  throughout  these  epidemics,  but  the  number  of  cases  seemed 
not  especially  different  from  what  ordinarily  occurs  during  those 
months  of  the  year.  In  some  cases  lobar  pneumonia  was  combined 
with  streptococcal  pneiunonia.  Otherwise  there  was  nothing  pecu- 
liar about  the  pneumococcal  infections. 

The  streptococcal  infection  seems  to  occur  by  way  of  the  upper  re- 
spiratory tract  and  the  illness  commonly  begins  with  a  sore  throat, 
fever,  and  cough.  The  ph3rsical  signs  in  the  limgs  are  often  indefinite 
until  evidence  of  accumulation  of  fluid  in  the  chest  appears.  Dyspnea 
of  the  most  extreme  type  especially  during  inspiration  is  characteristic 
and  results  in  a  livid  cyanosis.  Many  of  the  patients  become  hoarse 
or  lose  their  voices  entirely.  They  are  alert,  apprehenave,  and  sleep- 
less, and  there  is  often  deliriimi. 
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Two  main  types  of  pulmonary  lesions  have  been  described,  al- 
though these  are  frequently  combined. 

The  first,  designated  interstitial  bronchopneumonia,  is  essentially 
the  result  of  infection  of  the  bronchioles  with  large  numbers  of  hemo- 
lytic streptococci  which  leads  to  great  changes  in  their  walls  and  in 
the  adjacent  pulmonary  tissue. 

The  most  striking  accompaniment  of  this  is  a  patchy  atelectasis  or 
collapse  of  the  lung  affecting  those  portions  formerly  supplied  with 
air  by  the  obstructed  bronchi  together  with  the  formation  of  firm 
nodules  of  consolidation  about  the  terminal  portions  of  the  bronchi. 
In  addition  to  this  there  is  extreme  engorgement  of  the  blood  ves- 
sels of  the  limg  and  hemorrhage  into  its  tissue  about  the  nodules  of 
consdidation. 

The  walls  of  the  bronchi  themselves  become  densely  infiltrated 
with  mononuclear  cells  and  thickened.  Extreme  hyperemia  and  the 
new  formation  of  blood  vessels  and  of  connective  tissue  add  greatly 
to  this  thickening  and  to  the  deformity  of  the  wall.  In  some  cases 
the  whole  lining  becomes  necrotic  and  coagulated  and  constitutes  a 
diphtheritic  pseudomembrane.  Corresponding  with  the  changes  in 
the  bronchial  wall  are  those  in  the  walls  of  the  adjacent  alveoli  which 
become  greatly  infiltrated  with  mononuclear  cells,  the  alveolar  capil- 
laries are  distended  with  blood,  the  epithehimi  is  proliferated  rapidly 
and  desquamated  into  the  alveolar  cavity.  These  cavities  are  foimd 
to  be  filled  in  the  neighborhood  of  the  bronchus  with  blood,  dense 
fibrin,  a  few  mononuclear  cells,  and  greater  numbers  of  desquamated 
epithelial  cells.  Those  which  are  more  distant  contain  diminishing 
numbers  of  these  cells  but  are  filled  with  a  thick  viscid  fluid.  This 
rath^  gelatinous  edema  gives  a  semblance  of  confluence  between 
these  areas  of  consolidation  before  it  is  really  completed.  But  there 
are  many  cases  in  which  the  changes  are  restricted  to  the  neighbor- 
hood of  the  bronchioles  and  separated  from  each  other  by  wide  areas 
of  normal  air-containing  tissue.  Streptococci  may  be  foimd  in  tan- 
gled masses  in  the  lumen  of  each  bronchus  or  bronchiole  mingled 
with  the  leucocytes  of  the  exudate,  but  in  most  instances  they  are  not 
foimd  in  appreciable  nimibers  in  the  substance  of  the  tissue  or  in  the 
alveolar  contents. 
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The  lymphatics  which  run  from  the  pleural  network  by  way  of  the 
interlobular  septa,  bronchial  walls,  and  blood  vessel  walls  to  the 
nodes  at  the  hilimi  of  the  limg  quickly  become  a  channel  for  the 
transport  of  these  bacteria.  Great  nimibers  of  them  are  found  in 
these  canals  and  in  the  sinuses  of  the  lymph  nodes  at  the  hiliun  where 
they  appear  to  be  halted.  They  cause  thrombosis  of  the  lymph  chan- 
nels which  become  distended  to  an  enormous  size  and  appear  to  the 
unaided  eye  as  most  conspicuous  beaded  white  strands  on  the  cut 
surface  of  the  limg  extending  to  connect  with  the  pleural  network 
which  may  be  in  places  similarly  injected  and  distended  with  a  white 
infected  semipurulent  thrombus.  These  lymphatics  are  often  2  to  3 
mm.  in  diameter,  which  is  not  especially  greater  than  the  diameter  of 
the  normal  channels,  but  they  become  conspicuous  in  a  way  seldom 
observed  because  of  their  yellowish  white  contents.  Sometimes  they 
might  almost  be  confused  with  the  obstructed  bronchi. 

It  is  thought  that  bacteria  extend  by  growth  along  these  obstructed 
channels  in  both  directions  and  thus  passing  from  the  limg  to  the 
pleura  (in  a  direction  opposed  to  that  of  the  current  in  imobstructed 
lymphatics)  infect  the  walls  of  the  pleural  cavity  and  set  up  the  in- 
tense inflammation  with  outpouring  of  fluid  exudate.  The  pleura 
itself  and  all  the  interlobular  septa  become  edematous  and  permeated 
by  a  serofibrinous  exudate  with  wandering  cells. 

From  the  beginning  of  the  infection  of  the  pleura  the  effusion  of 
fluid  exudate  becomes  a  dominant  feature  of  the  whole  process  both 
in  the  clinical  signs  and  the  anatomical  changes.  It  takes  place  with 
extraordinary  rapidity  and  compresses  the  limg  to  such  a  degree  as  to 
complete  the  atelectasis. 

When  the  exudate  is  present  in  such  large  quantities  as  2  or  more 
liters  the  lung  becomes  a  completely  airless  pasty  blue  cliunp  of  tissue 
which  is  usually  plastered  against  the  pericardium  or  back  against 
the  side  of  the  vertebral  coliunn.  The  idea  that  the  opening  of  the 
chest  with  the  production  of  pneumothorax  could  accentuate  the  col- 
lapse of  that  lung  seems  rather  bizarre,  but  its  ill  effects  may  well 
come  from  the  influence  on  the  rest  of  the  respiratory  tract. 

Later  the  pleural  exudate  becomes  more  distinctly  purulent,  hav- 
ing b^un  as  a  thin  greenish  brown  turbid  fluid  filled  with  strepto- 
cocci and  disintegrated  leucocytes  and  shreds  of  fibrin. 
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Rapid  organization  of  the  inflammatory  exudate  is  everywhere  char- 
acteristic. This  affects  the  alveoar  and  bronchial  contents  and  they 
are  replaced  in  part  by  connective  tissue.  It  results  particularly  in 
interstitial  new  growth  of  connective  tissue  which  thickens  the  alveolar 
walls,  the  bronchial  walls,  the  adventitia  of  blood  vessels,  and  the 
interlobular  septa.  The  thrombosed  lymphatics  become  organized 
and  occluded  permanently  by  fibrous  tissue  so  that  new  ones  must 
eventually  be  formed,  and  absorption  in  the  meanwhile  is  greatly 
hampered. 

Most  striking  of  all  is  the  rapid  organization  of  the  thick  layer  of 
fibrin  which  generally  covers  the  pleura.  This  results  in  the  forma- 
tion of  thick  red  vascular  granulation  tissue  on  the  pleural  surface. 
Adhesions  between  contiguous  surfaces  are  quickly  rendered  perma- 
nent and  in  the  later  stages  encapsulated  pockets  of  intrapleural  origin 
filled  with  pus  are  not  infrequently  formed  and  offer  difficulties  to  the 
surgeon. 

Occasionally  large  portions  of  the  inflamed  lung  become  necrotic. 
Such  necrotic  material  is  loaded  with  streptococci  and  is  often  dis- 
charged through  the  bronchus,  leaving  a  cavity.  When  this  cavity 
communicates  with  the  pleura  too,  pneumothorax  may  result,  or  if 
the  chest  is  already  open  it  appears  as  a  bronchopleural  fistula. 

Such  a  disease  of  the  lung  betrays  at  every  point  its  tendency  to 
heal.  Everything  described  above,  except  perhaps  the  bronchial  exu- 
date, the  pleural  exudate,  and  the  intrapulmonary  necroses  or  ab- 
scesses, partakes  of  the  nature  of  a  barricading  process.  All  the 
changes  tend  to  limit  the  advance  of  the  streptococci  and  indurate 
the  tissue  everywhere  to  this  end.  The  alveolar  exudate  with  its 
dense  fibrin  later  replaced  by  connective  tissue,  the  thrombosis  of  the 
lymphatics,  the  thickening  and  granulation  tissue  formation  in  the 
bronchial  waUs,  interlobular  septa,  and  pleura,  and  the  widespread 
hyperplasia  of  lymphoid  tissue  throughout  the  lung  are  all  evidences 
of  a  considerable  power  of  resistance  which  allows  the  body  time  for 
defence.  The  infection  is  fairly  well  localized  in  the  respiratory 
tract  and  there  is  no  septicemia  until  perhaps  the  last  few  hours  of 
life.  Other  organs  therefore  suffer  little.  The  upper  respiratory 
tract  is  aU  infected,  and  ulcerative  changes  have  been  described. 


Digitized  by 


Google 


WILLIAM  G.  MacCALLUM  139 

The  second  type,  designated  arbitrarily  lobular  pneumonia,  is  com- 
posed of  cases  in  which  the  streptococci  invade  in  the  same  way.  One 
does  not  know  how  to  distinguish  the  symptoms  and  yet  at  autopsy 
although  sometimes  even  the  limgs  may  look  much  the  same  at  a 
casual  glance  they  are  really  different.  There  are  no  firm  peri- 
bronchial nodules.  Instead  there  are  patches  of  consolidation  in 
which  the  alveoli  are  filled  with  blood  and  leucocytes  and  enormous 
quantities  of  streptococci.  No  interstitial  changes  are  there  and  no 
signs  of  resistance;  widespread  necrosis  occurs  with  final  destruction 
of  areas  of  lung  substance.  Hemorrhage  about  these  areas  is  usual 
and  there  is  often  pleural  effusion  but  without  any  organization  of  the 
exudate.  There  are  many  cases  in  which  this  lobular  pneumonia 
occurs  in  the  pure  form,  but  there  are  many  others  in  which  it  is 
foimd  side  by  side  with  the  interstitial  bronchopneumonia.  They  are 
different  expressions  of  reaction  to  the  same  infection,  but  in  these  the 
reaction  is  very  feeble.  There  is  nothing  new  in  the  forms  of  pneu- 
monia in  this  epidemic.  They  have  evidently  existed  always  and 
with  a  fair  degree  of  probability  one  may  trace  them  back  to  the  16th 
century.  More  recognizable  descriptions  date  from  1812,  and  per- 
fectly clear  ones  from  Delafield  in  1884. 

Addendum. 
Significance  of  the  Presence  of  Influenza  Bacilli. 

Since  this  paper  was  sent  to  press  another  and  much  greater  epi- 
demic has  occurred  with  appalling  mortality  from  pneiunonia.  The 
original  disease  in  this  epidemic  has  been  spoken  of  as  influenza, 
and  measles  has  played  no  part.  Attention  has  been  concentrated 
upon  the  influenza  bacillus  of  Pfeiffer  since  it  is  commonly  regarded 
as  the  cause  of  influenza,  and  much  new  information  has  already  been 
published  as  to  the  biology  of  that  organism. 

Whatever  its  true  status  in  connection  with  the  epidemic  disease, 
influenza,  we  have  at  least  learned  from  niunerous  autopsies  that  it 
must  be  regarded  as  a  serious  pathogenic  agent  in  the  production  of 
pneumonia  and  that  it  may  be  fotmd  in  pure  culture  associated  with 
a  form  of  pneumonia  which  is  practically  identical  with  the  inter- 
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stitial  bronchopneumonia  described  above,  except  in  the  absence  of 
empyema.  It  is,  however,  often  foimd  with  pneumococd  and  strep- 
tococci in  other  types  of  pneumonia. 

The  invention  of  a  new  stain  for  Gram-negative  bacteria  by  Dr. 
Goodpasture  and  its  successful  combination  with  Weigert's  stain 
for  Gram-positive  organisms  have  made  it  possible  to  restudy  the 
tissues  from  the  epidemic  described  above  with  the  assurance  of  being 
able  to  demonstrate  influenza  bacilli  in  the  tissues  whenever  they 
were  present  and  to  distinguish  them  easily  from  streptococci,  pneu- 
mococd, and  other  Gram-positive  bacteria.  This  rests,  of  course, 
entirely  upon  the  basis  of  their  morphology,  but  in  many  cases  it  is 
supported  by  the  results  of  cultures  from  sputum  or  even  from  the 
limgs. 

I  have,  therefore,  taken  the  opportunity  afforded  in  the  correction 
of  the  proof  to  introduce  notes  on  the  presence  of  these  organisms, 
although  the  general  discussion  is  left  imchanged. 

It  is  evident  that  owing  to  imsatisfactory  culture  methods  influ- 
enza bacilli  were  missed  in  many  cases,  and  it  is  now  proved  that  the 
bacilli  can  be  demonstrated  in  the  bronchioles  and  occasionally  in 
the  alveoli  of  the  limgs  in  16  of  48  acute  cases,  while  in  at  least  6 
other  cases  they  were  present  in  the  sputum.  Their  distribution 
among  the  groups  of  cases  is  interesting. 


ToUlNo. 
of  cases. 

Influentt 

badlU 
present  in. 

Case  Not. 

Interstitial  broncbopTi<^unionia 

16 
9 
7 

11 

5 

5 
4 
0 
5 

2 

15,32,37,49,191 
29, 35, 181, 205 

**          and  lobular  pneumonia 

Lobular  pneumonia 

Lobar           "          

33,45,51,186,188 
23,180 

Interstitial  bronchopneumonia  and  lobar  pneu- 
monia  , 

It  may  be  said  that  they  tend  to  be  associated  with  the  interstitial 
and  organizing  processes,  since  even  some  of  the  cases  of  lobar  pneu- 
monia (Nos.  45, 186,  and  188)  show  a  tendency  to  organization  of  the 
exudate  and  thickening  of  the  interstitial  tissue.  One  might  leap  to 
the  conclusion  that  they  are  responsible  for  this  process  or  even  that 
they  are  the  forerunners  of  the  streptococcus  and  pneumococcus  in- 
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fections.  It  is  even  suggested  in  the  face  of  the  obvious  influence 
of  the  epidemic  of  measles  that  during  the  whole  period  of  the  win- 
ter epidemic  there  may  have  been  influenza  which  predisposed  to 
secondary  streptococcus  infections.  But  there  remain  the  facts  that 
most  of  the  cases  show  no  influenza  bacilli  and  that  in  those  which 
are  most  typical  of  the  form  of  interstitial  bronchopneumonia  (Nos. 
34,  41,  184,  etc.)  the  most  painstaking  search  through  many  sections 
has  failed  to  reveal  any  of  these  organisms.  It  is  true  that  Case 
37  shows  relatively  few  streptococci  and  great  numbers  of  influenza 
bacilli  and  is  probably  to  be  regarded  as  essentially  produced  by  the 
influenza  bacillus.  But  in  all  the  others  the  streptococcus  is  the 
predominant  organism,  if  we  except  Case  196  in  which  there  were  no 
influenza  bacilli  and  in  which  the  lesion  seems  to  have  been  caused 
by  pnemnococd. 

I  think  it  must  be  recognized  that  the  interstitial  forms  of  bron- 
chopneimionia  can  be  produced  by  various  organisms,  including 
pnemnococd,  streptococd,  and  the  influenza  bacillus.  Where  there 
is  a  mixed  infection  it  is  difficult  to  assign  to  each  its  exact  part  in 
the  process,  but  it  appears  that  in  spite  of  the  frequent  presence  of 
the  influenza  bacillus  Uiis  was  essentially  an  epidemic  of  streptococcal 
pneumonia. 
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EXPLANATION  OF  PLATES. 
Plate  1. 

Fig.  1.  Case  14.  Interstitial  bronchopneumonia.  Early  bronchial  lesion  with 
surrounding  hemorrhage. 

Plate  2. 

Fig.  2.  Case  14.  Interstitial  bronchopneumonia.  Early  bronchial  lesion. 
Beginning  organization  of  exudate  in  bronchial  lumen. 

Plate  3. 

Fig.  3.  Case  15.  Interstitial  bronchopneumonia.  Infiltration  of  alveolar 
walls  and  perivascular  tissue. 

Plate  4. 

Fig.  4.  Case  16.  Interstitial  bronchopneumonia.  Right  lung  with  inter- 
lobar empyema  pocket. 

Plate  5. 

Fig.  5.  Case  16.  Interstitial  bronchopneumonia.  Atelectasis  with  organi- 
zation of  bronchial  exudate. 

Plate  6. 

Fig.  6.  Case  32.  Interstitial  bronchopneumonia.  Early  bronchial  and  peri- 
bronchial lesion. 

Plate  7. 

Fig.  7.  Case  32.  Interstitial  bronchopneumonia.  Bronchial  and  peribron- 
chial infiltration. 

Plate  8. 

Fig.  8.  Case  34.  Interstitial  bronchopneumonia.  Portion  of  left  lung  show- 
ing prominent  interlobular  septa  and  peribronchial  nodules. 

Plate  9. 

Fig.  9.  Case  34.  Interstitial  bronchopneimionia.  Portion  of  left  limg  show- 
ing prominent  interlobular  septa  and  many  distended  lymph  channels  which 
appear  as  white  beaded  canals. 
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Plate  10. 


FiG.  10.  Case  34.  Interstitial  bronchopneumonia.  Interlobular  septum  with 
great  dbtension  of  l3anph  channels  by  an  infected  thrombus. 

Plate  11. 

Fig.  11.  Case  34.  Interstitial  bronchopneumonia.  Thickening  and  infiltra- 
tion of  the  wall  of  a  small  bronchus. 

Plate  12. 

Fig.  12.  Case  34.  Interstitial  bronchopneimionia,  showing  dislodgement  of 
the  epithelium  of  the  bronchus,  the  great  thickening  and  infiltration  of  the  wall, 
and  changes  in  the  adjacent  alveoli. 

Plate  13. 

Fig.  13.  Case  37.  Interstitial  bronchopneumonia.  Right  limg,  showing  the 
nodular  character  of  the  peribronchial  lesions.    The  spleen  is  included. 

Plate  14. 

Fig.  14.  Case  37.  Interstitial  bronchopneumonia.  Infiltration  of  bronchial 
wall  which  has  lost  its  epithelium.    Dense  fibrinous  plugs  in  the  adjacent  alveoli. 

Plate  15. 
Fig.  15.  Case  39.    Interstitial  bronchopneumonia.    Right  limg. 

Plate  16. 
Fig.  16.  Case  41.    Interstitial  bronchopneumonia.    Lef t  limg. 

Plate  17. 

Fig.  17.  Case  41.  Interstitial  bronchopneumonia.  Right  upper  lobe  show* 
ing  large  nodules  of  consolidation  about  the  bronchi. 

Plate  18. 

Fig.  18.  Case  41.  Interstitial  bronchopneumonia.  Bronchial  thickening 
produced  by  lymphoid  hyperplasia  and  great  infiltration  of  the  wall. 

Plate  19. 

Fig.  19.  Case  41.  Interstitial  bronchopneimionia.  Infiltration  of  bronchial 
wall.    Consolidation  of  adjacent  tissue. 

Plate  20. 

Fig.  20.  Case  41.  Interstitial  bronchopneumonia.  Small  bronchus  with 
thickened  and  h}rperemic  wall.    Surrounding  consolidation. 
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Plate  21. 

Fig.  21.  Case  178.  Interstitial  bronchopneumonia.  Early  stage  with  peri- 
bronchial hemorrhages. 

Plate  22. 

Fig.  22.  Case  178.  Interstitial  bronchopneumonia  following  measles.  Ul- 
ceration of  vocal  cords. 

Plate  23. 

Fig.  23.  Case  178.  Section  passing  through  pleura  and  interlobular  septum 
with  l3rmphatic  canal,  showing  valves  directed  away  from  the  pleura. 

Plate  24. 

Fig.  24.  Case  178.  Interstitial  bronchopneumonia.  Bronchus  with  thick- 
ened wall,  showing  masses  of  streptococci  in  the  purulent  contents  of  the  lumen. 
Infiltration  of  adjacent  alveolar  walls. 

Plate  25. 

Fig.  25.  Case  184.    Interstitial  bronchopneumonia.    Left  lung. 

Plate  26. 

Fig.  26.  Case  184.  Interstitial  bronchopneumonia  following  measles.  Ul- 
cerative lar3aigitis.    Ulcers  of  vocal  cords  and  epiglottis. 

Plate  27. 

Fig.  27.  Case  184.  Interstitial  bronchopneumonia.  Necrosis  of  mucosa  of 
bronchus.  Infiltration  and  edema  of  bronchial  wall.  Infiltration  and  collapse  of 
adjacent  alveoli. 

Plate  28. 

Fig.  28.  Case  184.  Interstitial  bronchopneimionia.  A  mitotic  figure  is  shown 
in  an  epithehal  cell  of  the  alveolar  lining. 

Fig.  29.  Case  184.  Interstitial  and  lobular  pneumonia.  Bronchial  wall 
with  hyperemia  and  infiltration  and  necrosis  of  the  mucosa.  Nearby  is  a  patch 
of  lobular  pneumonia. 

Plate  29. 

Fig.  30.  Case  191.    Interstitial  bronchopneiunonia.    Left  lung. 

Plate  30. 

Fig.  31.  Case  29.  Interstitial  bronchopneimionia.  Thickening,  infiltration, 
and  hyperemia  of  bronchial  wall . 

Plate  31. 

Fig.  32.  Case  29.  Interstitial  bronchopneumonia.  Infiltration  of  bronchial 
wall  and  adjacent  tissue. 
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Plate  32. 


Fig.  33.  Case  29.    Interstitial  bronchopneumonia.    Induration  of  interlobu- 
lar septum  and  of  alveolar  walls.    Thrombosed  lymphatic  in  the  septum. 

Plate  33. 

Fig.  34.  Case  29.    Interstitial  bronchopneumonia.    Infiltration  of  bronchial 
wall.    Consolidation  of  adjacent  tissue. 

Plate  34. 

Fig.  35.  Case  181.    Interstitial  bronchopneumonia.    Right  lung  with  cavity 
in  the  upper  lobe  and  bronchiectases  in  the  lower. 

Plate  35. 

Fig.  36.  Case  194.    Interstitial  bronchopneumonia,  combined  with  lobular 
pneumonia.    Hemorrhagic  lobular  area  in  lower  lobe. 

Plate  36. 

Fig.  37.  Case  205.    Bilateral  hyaline  degeneration  of  rectus  abdominis  muscle 
with  rupture  and  hemorrhage. 

Plate  37. 

Fig.  38.  Case  205.     Interstitial   bronchopneumonia.     Left  lower  lobe  with 
projecting  peribronchial  nodules. 

Plate  38. 

Fig.  39.  Case  205.    Combined  interstitial  bronchopneimionia  and  lobular 
pne\imonia. 

Plate  39. 

Fig.  40.  Case  20.    Lobular  pneumonia  with  large  area  of  necrosis  and  hemor- 
rhage.   Distended  lymphatics  run  to  the  pleural  surface. 

Plate  40. 

Fig.  41.  Case   26.    Lobular  pneumonia   with   empyema.    Distended  lym- 
phatics run  to  the  pleural  surface.    Left  lung. 

Plate  41. 

Fig.  42.  Case  55.   Lobular  streptococcal  pneimionia  with  extensive  necroses 
and  empyema.    Left  lung. 

Plate  42. 

Fig.  43.  Case  55.    Lobular  streptococcal  pneumonia  with  abscesses.     Right 
lung. 
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Plate  43. 

Fig.  44.  Case  187.  Lobular  streptococcal  pneumonia.  The  consolidation  is 
confluent  in  the  upper  lobe  but  focal  in  the  lower  part  of  the  lung.    Left  lung. 

Plate  44. 

Fig.  45.  Case  187.  Confluent  lobular  streptococcal  pneumonia.  Hyaline 
thrombi  in  alveolar  capillaries. 

Fig.  46.  Case  187.  Lobular  streptococcal  pneumonia.  One  alveolus  from 
the  preparation  shown  in  Fig.  45.  The  hyaline  fibrinous  thrombi  in  the  capil- 
laries stain  deeply  and  streptococci  are  seen  with  leucocytes  in  the  alveolus. 

Plate  45. 
Fig.  47.  Case  192.    Hemorrhagic  lobular  pneumonia.    Left  lung. 

Plate  46. 
Fig.  48.  Case  192.    Hemorrhagic  lobular  pneimionia.    Right  lung. 

Plate  47. 
Fig.  49.  Case  192.    Hyaline  degeneration  in  the  rectus  abdominis  muscle. 

Plate  48. 

Fig.  50.  Case  25.  Lobar  pneimionia.  Pneumococcus  infection.  Infiltra- 
tion of  alveolar  walls  with  leucocjrtes. 

Plate  49. 

Fig.  51.  Case  188.  Lobar  pneumonia.  Pneumococcus  Type  II  and  B. 
influenuB,    Right  lung. 

Plate  50. 

Fig.  52.  Case  21.  Combination  of  lobar  pneumonia  (pneumococcus  infec- 
tion) with  interstitial  bronchopneumonia  (streptococcus  infection).    Left  limg. 

Plate  51. 

Fig.  53.  Case  31.  Typical  lobar  pneumonia.  Pneumococcus  Type  IV.  Left 
lung.  The  other  lung  showed  interstitial  bronchopneumonia  with  streptococcus 
infection. 

Plate  52. 

Fig.  54.  Case  180.  Combined  lobar  pneumonia  and  interstitial  broncho- 
pneumonia in  the  same  lung.  Pneumococcus  Type  II  and  streptococcus. 
Right  lung. 

Plate  53. 

Fig.  55.  Case  196.  Interstitial  bronchopneumonia.  Lobar  pneumonia  in  the 
opposite  lung.    Pneumococcus  Tyjpe  11. 
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Fig.  47. 

(MacCallum:  Pneumonia  in  anny  campe.) 
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Fig.  48. 

(MacCallum:  Pneumonia  in  army  campe.) 
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Fig.  48. 

(MacCallum:  Pneumonia  in  army  campe.) 
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Fig.  49. 


(MacCallum:  Pneumonia  in  anqy  canqw.) 
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Fig.  49. 


(MacCallum:  Pneumonia  in  army  canqw.) 
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Fig.  50. 


(MacCallum:  Pneumonia  in  army  camps.) 
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Fig.  51. 

(MacCallum:  Pneumonia  m  anny  camps.) 
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Fig.  52. 

(MacCalluro:  Pneumonia  in  army  camps.) 
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Fig.  53. 

(MacCallum:  Pneumonia  in  army  camps.) 


Digitized  by 


Google 


Digitized  by 


Google 


MONOGRAPH  NO.  10.  PLATE  52. 


Fig.  54. 

(MacCallum:  Pneumonia  in  army  camps.) 
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Fig.  55. 

(MacCallum:  Pneumonia  in  army  camps.) 
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PATHOLOGICAL  ANATOMY  OP  PNEUMONIA  ASSOCIATED 

WITH  INFLUENZA 

By  W.  Q.  MacCALLUM,  M.  D. 

(From  the  Department  of  Pathology,  The  John$  Hophine  UniverHty, 

Baltimore) 

The  results  of  the  study  of  the  pathological  changes  in  persons 
dying  during  the  epidemic  of  influenza  of  the  autumn  of  1918,  made 
by  a  commission  sent  to  two  army  camps  by  the  Surgeon  General  oif 
the  United  States  Anny,  were  published  in  summary  in  March,  1919. 

The  opinions  expressed  in  that  paper  have  undergone  no  change  as 
a  result  of  further  and  more  minute  study  of  those  cases  and  of  others, 
and  the  present  communication  is  designed  mainly  to  put  on  record 
the  details  of  the  pathological  anatomy  of  the  respiratory  organs  in 
about  46  cases  which  f onned  the  basis  for  those  conclusions. 

The  material  studied  was  derived  from  20  autopsies  at  Camp  Lee, 
Virginia,  when  the  epidemic  was  nearing  its  height,  and  12  at  Camp 
Dix,  New  Jersey,  made  at  a  time  when  the  influenza  was  practically 
over  but  when  many  cases  of  pneiunonia  were  still  in  the  hospitaL 
Between  these  visits  and  afterward  a  number  of  autopsies  were  per- 
f  onned  at  The  Johns  Hopkins  Hospital  upon  patients  who  died  there  in 
the  early  part  of  the  epidemic.  During  the  next  winter — ^in  January 
and  February  of  1920 — ^there  was,  as  is  well  known,  a  fresh  outbreak 
of  the  disease  and  the  tissues  from  several  persons  dying  in  The  Johns 
Hopkins  Hospital  at  that  time  were  studied  for  comparison.  Cases 
213-230  were  from  Camp  Lee;  80-91  from  Camp  Dix;  6113-6150  from 
The  Johns  Hopkins  Hospital. 

In  all  cases  cultures  were  made  from  the  respiratory  tract  as  care- 
fully as  possible,*  and  the  bacteria  studied  in  smears  and  later  in 
their  relation  to  the  lesions  in  sections.  It  is  true  that  the  methods 
of  cultivating  the  influenza  bacillus  were  greatiy  improved  by  Dr. 
Biven  after  the  first  epidemic  was  over  but  this  organism  was  quite 

*  The  cultores  were  made  at  Camps  Lee  and  Dix  by  Major  R.  A.  Klnsella, 
at  The  Johns  Hopkins  HoepitaL  by  Drs.  Bayne-Jones,  Bollinger,  Gross  and 
others. 
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successfully  grown  in  practically  all  the  cases  in  which  it  could  be 
found  in  smears  or  in  sections,  and  we  feel  no  doubt  as  to  its  actual 
absence  from  cases  in  which  it  could  not  be  found  by  any  of  these 
methods. 

Tissues  were  fixed  in  Zenker  formol  in  all  cases  and  many  large 
sections  were  made  extending  from  the  pleura  to  a  point  deep  enough 
in  the  lung  to  include  a  rather  large  bronchus,  and  wide  enough  to 
contain  two  or  more  interlobular  septa.  In  addition  to  h^Bmatoxylin 
and  eosin,  these  sections  were  stained  with  various  modifications  of 
the  Bomanowsky  stain,  Giemsa,  Wright,  Wilson  and  others,  these 
stains  giving  much  information  with  r^ard  to  the  types  of  wandering 
cells  in  the  exudate.  The  combination  (Joodpasture-Weigert  stain, 
described  in  a  previous  paper,  was  the  other  very  useful  one,  since  it 
distinguished  Qram-positive  and  Qram-negative  bacteria  in  relation 
to  the  lesion  and  colored  not  only  fibrin  but  various  granules.  If  this 
were  preceded  by  a  light  stain  with  Weigerf  s  hsematoxylin,  the 
result  was  a  most  beautiful  preparation  showing  many  histological 
details  as  well  as  the  bacteria.  Drawings  in  black  and  white  were 
most  easily  made  from  sections  stained  with  iron  haanatoxylin  followed 
by  Weigert^s  fibrin  stain  alone  since  there  were  no  shades  of  red 
to  be  translated  into  terms  of  gray. 

In  the  paper  mentioned  above  it  was  pointed  out  that  even  yet  we 
really  have  no  idea  of  the  nature  of  the  living  cause  of  the  epidemic 
disease  influenza  and  that  all  the  bacteria  found  in  the  upper  respira- 
tory tract  and  lungs  are  to  be  regarded  as  secondary  invaders.  This 
is  proven  by  the  great  inconstancy  of  all  the  organisms  to  which  the 
r61e  of  causative  agent  has  been  ascribed.  The  influenza  bacillus 
which,  on  account  of  the  name  gratuitously  conferred  upon  it  by 
Pfeiffer,  quite  naturally  assumed  first  place  in  this  discussion,  did  so 
because  those  who  had  the  first  opportunity  of  studying  the  disease 
happened  to  be  working  in  a  camp  in  which  it  was  common.  Pew 
had  the  opportunity  of  observing  the  bacterial  fiora  in  cases  in  widely 
separated  r^ons  in  succession,  but  those  must  have  recognized  the 
fact  that  although  the  character  of  the  primary  disease  remained 
identical  in  all  places,  the  bacterial  invaders  varied. 

Thus,  in  Camp  Lee  we  found  practically  no  infiuenza  bacilli  and  most 
of  the  cases  showed  Pnexunococcus  Type  IV  without  other  organisms. 
In  only  three  cases  were  influenza  bacilli  found,  whereas  in  Camp  Dix, 
on  the  contrary,  influenza  bacilli  were  found  in  every  case.    At  The 
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Jobjia  Hopkins  Hoepital  influenza  bacilli  were  rarely  found.  This 
conclusion  was  reached  not  only  from  the  study  of  culture  and  smears 
but  from  the  most  minute  survey  of  the  stained  sections,  in  which  any 
considerable  number  of  influenza  bacilli  could  not  be  overlooked.  It 
is  supported  to  a  great  extent  by  the  peculiarities  of  the  lesions  when 
influenza  bacilli  are  actually  present. 

It  would  appear,  therefore,  that  the  organisms  actually  f oimd  as  the 
causative  agents  of  the  pneumonia  are  greatly  favored  in  their  invasion 
and  in  their  abundant  multiplication  by  the  extreme  lowering  of 
resistance  to  any  infection,  produced  by  the  epidemic  influenza  itself. 
Since  a  great  many  different  bacteria  have  been  found  producing 
pneumonia,  often  in  complex  mixtures,  it  would  require  very  special 
evidence  to  prove  that  one  of  these  is  the  imiversal  cause  of  the 
primary  disease.  And  since  this  particular  organism  is  by  no  means 
always  present  it  seems  that  the  evidence  is  very  weak. 

Indeed,  it  appears  probable  that  some  other  form  of  living  virus 
not  recognizable  by  our  microscopic  methods  of  staining,  and  not  to 
be  isolated  or  cultivated  by  methods  at  present  in  use,  must  be  the 
cause  of  the  epidemic.  Further,  it  appears  that  the  bacteria  which  are 
found  must  be  fortuitous  invaders,  either  because  in  a  given  com- 
munity they  have  long  been  present  without  producing  disease  or 
because,  having  been  introduced  by  a  carrier,  they  spread  rapidly  to 
produce  an  epidemic  in  a  crowded  ward  or  barrack.  The  first  of  these 
is  perhaps  the  best  explanation  of  the  frequent  production  of  pneu- 
monia by  Pneumococcus  Type  IV,  the  second  will  explain  the  occur- 
rence of  pneumonias  due  to  the  hsemolytic  streptococcus,  other  types 
of  pneumococcus,  or  even  the  influenza  bacillus.  Such  a  local  epidemic 
of  staphylococcus  pneumonia  as  described  by  Chickering  is  almost 
surely  of  this  character. 

Under  these  circumstances  bacteria,  present  in  the  throat  or  intro- 
duced from  without,  readily  invade  the  tissues  of  the  whole  respiratory 
tract  and  give  rise  to  pneumonia.  Because  of  the  lack  of  resistance 
they  multiply  until  they  are  present  in  such  enormous  numbers  as 
are  never  seen  under  ordinary  conditions.  Although  the  predominant 
secondary  infection  appears  to  determine  the  aoatomical  character  of 
the  lesion  there  may  be  other  successive  infections  with  different 
organisms,  so  that  it  is  often  difficult  to  say  which  is  the  secondary 
and  which  the  tertiarj-  or  quaternary  infection.  It  seems  possible  that 
one  or  more  of  these  bacteria  may  be  present  without  producing  any 


Digitized  by 


Google 


152  W.  0.  MacCalluin 

recognizable  lesion  whereas  another  produces  pnemnoniay  or  they  may 
prodnce  local  modifications  of  the  pneumonia  such  as  areas  of  necrosis 
which  involve  tissue  and  exudate. 

Nevertheless,  we  have  gained  the  impression  that  in  each  instance 
there  is  a  predominant  organism  which,  if  given  time,  establishes  a 
recognizable  type  of  pneumonia.  There  is  no  question  as  to  the 
uniformity  of  the  iype  of  pneumonic  lesion  produced  by  the  hemolytic 
streptococcus,  nor  is  there  any  doubt  in  our  minds  as  to  the  character 
of  tiiat  due  to  the  influenza  bacillus  of  Pfeiffer.  Even  the  various 
types  of  pneumococcus  which  are  so  f requentiy  predominant  produce 
in  time  a  form  of  lesion  which  is  fairly  specific  although  it  must  be 
admitted  that  it  is  not  so  eaqr  to  draw  a  precise  and  immistakable 
picture  of  this. 

There  is  a  group  of  cases,  made  up  of  those  which  have  run  a  short 
course  and  have  led  to  a  fatal  issue  in  a  few  days  after  the  onset  of 
the  influenza,  in  which  the  dilatation  of  the  ductuli  with  hyaline  lining 
and  very  fresh  exudate  is  found. 

In  these  we  have  found  either  the  pneumococcus,  sometimes  in 
large  numbers,  or  else  very  few  organisms  of  any  kind.  These  changes 
seem  to  be  consistent  with  the  presence  of  the  pneumococcus  even  in 
great  numbers  but  in  all  the  other  cases  in  which  they  are  evident 
very  few  bacteria  can  be  found  in  the  sections  or  in  smears.  These 
may  be  staphylococci  or  mixtures  of  staphylococci  and  the  influenza 
bacillus.  Gram-negative  cocci  or  ev^i  the  hsemolytic  streptococcus,  but 
their  numbers  are  so  insignificant  that  it  is  di£Scult  to  believe  that 
they  have  had  full  opportunity  to  develop  their  effects.  Other  cases 
of  no  longer  duration,  in  which,  however,  the  pneumococcal  infection 
is  much  more  intense,  show  no  trace  of  this  peculiar  lesion  of  the 
ductules  but  a  consolidation  of  a  much  denser  sort  with  exudate  which 
is  advancing  toward  disintegration  of  the  cells.  Still  more  distinctive 
are  the  cases  in  which  the  hsemolytic  streptococcus  is  the  predominant 
or  sole  bacterium  present.  In  these,  as  in  the  last  group  of  our  series, 
those  in  which  the  influenza  bacillus  of  Pfeiffer  occurs  alone  or  in 
conjunction  with  other  bacteria,  the  anatomical  changes  are  very 
specific  and  quite  characteristic,  and  the  lesions  of  the  ductules,  if  they 
ever  existed,  are  entirely  masked  and  obliterated. 

With  these  points  in  view  we  may  describe  the  cases  in  the  following 
groups: 
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1.  Cases  tenninating  fatally  after  a  brief  course  in  which  character^ 
istic  dilatation  of  the  dnctuli  alveolares  with  hyaline  lining  deposit  is 
conspicuons.  In  some  of  these  abundant  pneumococci  are  present;  in 
the  resty  various  bacteria  in  veiy  small  numbers. 

2.  Cases  terminating  fatally  with  great  numbers  of  pneumococci 
in  the  lung  and  elsewhere  and  with  a  diffuse  pneumonic  consolidation 
in  which  the  peculiar  changes  in  the  ductuli  are  masked  or  absent. 

3.  Cases  in  which  a  peculiar  and  characteristic  pulmonary  lesion  is 
due  to  an  overwhelming  infection  with  the  streptococcus  hennolyticus. 

4.  Cases  in  which  Bacillus  influenza  is  predominant  or  in  pure 
culture.  These  seem  to  fall  into  two  groups  in  one  of  which  acute 
peribronchial  infiltration  is  accompanied  by  extensive  haemorrhage 
and  oedema,  while  in  the  other  the  slow  course  leads  to  the  production 
of  hand,  nodular,  peribronchial  interstitial  infiltrations  of  the  tissue 
and  exudation  into  the  alveoli  and  bronchi. 

Oboup  1. — Fresh  pneumonia  with  widened  ductuli  aJveolares  and 
hyaline  lining  layer;  (edema  and  h(Bm^>rrhage. 

A.  Predominant  pneum^coccus — 

£i£,  nS,  221,  223,  224,  82,  6713,  57 U,  6722,  6726. 

B.  Staphylococcus  infection — 

211,  6U3. 

C.  Streptococcus  infection  (questionable  and  slight) — 

6706. 

D.  Oram-negative  cocci  (Meningococci  or  M.  catarrhalis) — 

83,  226. 

Cask  212.— D.  D.  Taken  sick  September  17,  1918,  with  headache  and 
backache,  was  admitted  September  23  with  a  temperature  of  106*  F.,  pulse 
120,  resp.  30.  Dyspnoea,  cyanosis,  signs  of  pulmonary  consolidation,  delir- 
ium and  death  on  September  26.    Autopsy  September  27, 17  hours  later. 

Anatomical  Diagnosis. — Bilateral  confluent  lolmlar  pneumonia.  Bilateral 
fllninopurulent  pleurisy.  Acute  splenic  tumor.  Hyperplasia  of  hone 
marrow. 

Slight  jaundice  and  cyanosis.  The  left  pleural  cavity  is  largely  obliterated 
by  freeh  fibrin  which  glues  the  surfaces  together  not  only  externally  but 
between  the  lobes.  A  few  cable  centimeters  of  turbid  fluid  are  held  in  the 
meshes  at  the  fibrin.  The  right  pleural  cavity  is  also  obliterated  by  the 
gluing  together  of  aU  exposed  surfaces  with  a  thin  layer  of  fresh  fibrin. 
The  cavity  contains  about  100  c  c.  of  turbid  fiuid.  Mediastinal  tissues  are 
iniUtrated  with  yellow  fluid  and  the  retrosternal  lymph  glands  are  enlarged. 

The  whole  posterior  surface  ot  the  left  lung  is  covered  with  a  thick 
honeycomb-like  yeUow  exudate.    The  more  anterior  parts  of  the  lung  are 
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air  containing  bat  in  the  posterior  part  of  the  upper  lobe  there  is  a  large 
mass  of  consolidated  tissue  measuring  about  6  cm.  in  diameter.  This  has 
eyidently  been  formed  hy  the  confluence  of  lobular  areas  of  consolidation 
since  interlobular  septa  form  its  outline  in  places.  It  is  sharply  elevated 
aboTO  the  surrounding  air-containing  lung  and  shows  a  granular  surface. 
It  is  surrounded  by  a  softer  hemorrhagic  zone  and  has  occasional  patches 
of  haemorrhage  in  its  central  part  Bronchi,  blood  vessels,  interlobular 
septa  and  lymphatics  are  not  conspicuously  altered.  In  the  lower  lobe 
there  are  several  similar  areas  with  surrounding  haemorrhage. 

The  right  lung,  covered  as  in  the  case  of  the  left  with  thick  fibrin,  shows 
a  large  firm  area  of  consolidation  which  occupies  all  the  more  anterior 
portion  and  which  on  section  proves  to  be  about  6  cm.  in  diameter  and 
uniformly  solid  except  for  some  purplish  sunken  patches  of  collapse.  The 
outer  and  anterior  portion  of  the  lower  lobe  is  consolidated  in  the  same  way. 
As  in  the  left  lung  there  is  no  change  in  the  framework  nor  in  the  bronchial 
walls.  They  are  reddened  and  the  lining  is  smeared  with  an  opaque 
brownish  frothy  mucus. 

Cultures  from  both  lungs,  heart's  blood  and  pericardium  show  Pneu- 
mococcus  Type  I.  That  from  the  spleen  was  negative.  There  were  no 
influenza  bacilli  in  cultures  or  in  smears  from  the  lung. 

Microscopical  Examination, — The  lung  shows  a  fresh  but  rather  dense 
pleural  exudate  overlying  the  intact  pleural  lining  cells.  The  interlobular 
septa  are  (edematous  and  infiltrated  with  leucocsrtes  and  some  red  cor- 
puscles. The  lymphatics  are  filled  with  leucocytes  but  not  greatly  distended. 
The  bronchi  contain  a  few  leucocytes  but  everywhere  their  epithelial  lining 
is  intact.  Different  degrees  of  consolidation  occur.  There  are  patches  in 
the  more  central  part  of  the  large  area  in  which  the  alveoli  are  most  densely 
packed  with  an  exudate  in  which  the  leucocytes  are  almost  all  disintegrated 
and  the  blood  corpuscles  faded.  In  these  areas,  however,  the  alveolar  walls 
are  never  necrotic  but  contain  circulating  blood.  Other  areas  show  a  far 
fresher  consolidation  with  much  oedema  and  hsemorrhage.  In  these  the 
ductuli  alveolares  are  distended  with  fiuid  and  lined  with  the  hyaline 
fibrinoid  material  so  often  described.  The  alveoli  contain  a  loose  exudate 
with  much  fibrin,  well  preserved  blood  and  poljrmorphonuclear  leucocytes 
and  in  places  huge  numbers  of  pneumococci  in  pairs  and  short  stiff  chains. 
No  infiuenza  bacilli  are  seen,  nor  are  any  other  organisms  found. 

Case  218.^T.  S.  Began  September  6,  1918,  with  frontal  headache  and 
drowsiness,  later  fever  with  chilly  feeling.  Slight  cough.  No  general  pains 
or  epistaxis.  Entered  hospital  September  22  with  temperature  103.3<>, 
pulse  96,  resp.  24.  General  pains,  chills,  fever  and  cough  with  blood-stained 
expectoration.  No  history  of  physical  examination  but  patient  died 
September  29  at  8.26  a.  m.   Autopsy  three  hours  after  death. 

Blood  Count-  ^^^^^  Polym.'^'^l^li!*'  Xk 

September  23 7160  66  28  6 

September  26 6400  76  22  2 
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Anatomicdl  Diagnoiii,— Bilateral  confluent  loJnOar  pneumonia. 

The  left  pleural  cavity  contains  about  20  c.c  of  fluid.  Surfaces  are 
glistening  Imt  roughened  in  places,  especially  oyer  the  middle  of  the  anterior 
edge  of  the  upper  lobe  and  on  the  mesial  surface.  The  diaphragmatic  sur- 
face is  smooth. 

The  right  pleural  cavity  contains  about  20  c  c  of  fluid.  The  surfaces 
are  everywhere  glistening  but  are  much  discolored  in  places  by  opaque  red 
patches  which  seem  to  OTerlie  the  prominent  nodules  in  the  lung.  The 
interlobular  septa  in  the  middle  lobe  are  emphysematous.  In  the  anterior 
portion  the  consolidated  lobules  contrast  sharply  with  those  which  are 
air-containing. 

The  left  lung  is  very  large  and  heavy.  The  upper  lobe  is  mottled  with  al- 
ternating consolidated  and  air-containing  lobules  or  groups  of  lobules.  The 
largest  mass  of  these  consolidated  lobules  lies  in  the  posterior  lower  part  and 
spreads  out  f anwise  toward  the  anterior  margin  where  the  pleura  is  covered 
with  an  opaque  yellow  layer  of  fibrin.  On  section  these  areas  are  dark 
greyish  purple  with  patches  of  pale  greyish  white  in  which  it  is  evident  that, 
although  plugs  of  exudate  project  from  the  alveoli,  exc^t  for  these  the 
cut  surface  is  smooth  although  the  consolidated  areas  are  elevated  above 
the  air-containing  portions.  The  bronchi,  blood  vessels  and  interlobular 
septa  are  not  especially  altered.  In  the  lower  lobe  the  upper  posterior  part 
is  firm,  airless,  dark  purple  and  studded  here  and  there  with  white  patches, 
but  it  is  elastic  and  not  rigid  or  hard.  Section  shows  numerous  scattered 
patches  of  consolidation  which  in  the  centre  are  generally  grey  in  contrast 
with  the  darker  red  consolidated  marginal  part.  These  too  show  clusters 
of  small  whitish  areas.  The  fluid  which  exudes  from  the  surface  is 
glutinous.   The  lower  and  anterior  parts  of  the  lobe  are  air-containing. 

The  right  lung  (Fig.  1)  is  very  large.  Its  upper  lobe  is  studded  even  to 
the  anterior  margins  with  groups  of  lobules  which  are  firm  in  contrast  with 
the  intervening  air-containing  lobules.  The  posterior  part  is  almost  en- 
tirely solid.  The  middle  lobe  shows  some  interstitial  emphysema  and 
contains  scattered  groups  of  consolidated  nodules.  The  lower  lobe  is  almost 
entirely  solid  posteriorly  but  contains  air  near  the  anterior  margin. 

On  section  through  the  lung  it  is  found  that  the  upper  lobe  is  occupied 
by  whole  consolidated  lobules  which  are  sometimes  grey  with  distinct 
alveolar  plugs  of  exudate,  s<mietimes  dark  greyish  red,  firm  and  elastic 
but  with  a  smooth  cut  surface.  The  middle  lobe  shows  scattered  patches 
at  the  purplish  elastic  type  of  consolidation.  In  the  lower  lobe  the  entire 
upper  and  posterior  part  is  consolidated,  the  dense  tissue  being  greyish 
red,  elastic  and  firm  with  only  the  most  indefinite  alveolar  plugs,  although 
in  certain  lobules  minute  yellow  plugs  project  Throughout  the  whole 
lower  portion  there  are  confluent,  deep  greyish  purple,  elastic  areas  from 
which  there  project  smaller  dense,  irregularly  outlined,  rough,  greyish 
yellow  patches  in  which  the  opacity  of  the  alveolar  exudate  is  mndtL 
greater.  The  bronchi  are  not  particularly  reddened  and  the  framework 
of  the  lung  is  not  abnormaL  The  most  striking  feature  consists  in  the 
presence  of  these  groups  of  opaque  yellowish  brown  areas  merging  into 
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IMtle,  almost  white  patches  scattered  in  the  more  elastic  oonflaent  areas 
of  consolidation.  But  another  feature  which  is  remarkable  arises  from 
the  fact  that  on  standing  a  thick  grey,  glutinous  doud  of  fluid  emerges 
from  each  alTeolus  or  terminal  bronchiole  so  that  the  cut  surface  is 
quickly  coTered  with  a  layer  of  sticky  fluid  which  may  be  lifted  up  into 
long  strings. 

The  other  organs  are  normal  in  appearance. 

Cultures  at  autopsy  showed  Pneumococcus  IV  from  lungs,  pleura,  heart's 
blood  and  spleen.  Some  colonies  of  a  hienuriytic  staphylococcus  were  also 
found  in  the  lungs. 

Microscopical  Examination, — Sections  from  the  two  lungs  show  essen- 
tially similar  changes.  The  pleura  is  thinly  covered  with  a  corrugated 
layer  of  dense  flbrin.  Its  tissues  are  spread  i^art  by  an  accumulation  of 
exudate  so  that  the  layer  upon  which  the  pleural  lining  cells  lie  is  widely 
separated  from  a  perfectly  uniform  underlying  membrane  which  appears 
to  be  composed  of  elastic  tissue.  The  exudate  consists  chiefly  of  coagulated 
fluid  with  a  few  leucocytes  and  red  corpuscles,  but  it  is  heayily  loaded  with 
pneumococd  which  lie  free  in  the  delicate  meshes  of  flbrin.  The  inter- 
lobular septa  are  in  some  places  much  more  changed  than  was  suspected 
from  the  examination  of  the  gross  specimen.  They  are  broadened  by  an 
accumulation  of  exudate  consisting  of  fluid,  flbrin,  wandering  cells  and 
great  quantities  of  pneumococd.  The  lymphatics  are  in  places  distended 
with  a  thrombus  containing  bacteria.  The  bronchial  walls  are  rarely 
inflltrated  with  cells,  although  they  hare  lost  most  of  their  epithelium  and 
are  fllled  with  coagulated  fluid  and  leucocytes.  The  terminal  bronchioles 
are  distended  with  fluid  and  cells.  Their  epithelium  soon  disappears 
but  is  for  a  time  overlaid  by  a  thick  layer  of  hyaline  material  probably  of 
fibrinous  origin,  although  it  fails  to  give  the  staining  reaction  for  flbrin. 
This  hyaline  layer  is  particularly  thick  and  conspicuous  in  this  lung  and 
extends  to  line  the  ductules  and  even  to  entw  the  air  cells.  Some  of  the 
latter  are  full  of  a  similar  dense  pink-staining  material.  In  general  the 
alveoli  in  every  section  are  greatly  dilated  and,  except  in  the  opaque  areas 
described  above,  are  rather  loosely  fllled  with  leucocytes.  In  places  the 
leucocytes  are  clumped  together  in  the  center  and  the  remaining  space  is 
occupied  by  a  thick  fluid.  Indeed  there  are  some  areas  in  which  the 
alveoli  contain  nothing  but  fluid  which  has  been  coagulated  by  the  flxing 
fluid  into  a  crumbly  pink-staining  material.  It  is,  however,  loaded  with 
free  pneumococci,  most  often  in  pairs  but  sometimes  in  short  chains. 
Very  few  of  them  are  enclosed  in  leucocytes. 

There  are  other  areas,  however,  in  which  the  alveoli  are  widely  distended 
by  a  dense  exudate  of  leucocytes,  mononuclear  cells  and  desquamated 
epithelium  all  entangled  in  a  close  network  of  flbrin.  This  exudate  also 
contains  numerous  pneumococci.  The  cells  are  in  many  alveoli  almost 
completely  disintegrated  and  form  a  dust  of  nuclear  fragments.  There  are 
not  many  red  corpuscles.  Indeed  hsnnorrhage  is  scarcely  a  prominent 
feature  of  the  consolidation.  The  alveolar  walls  are  thin,  in  part  injected 
with  blood  but  in  places  traversed  by  capillaries  in  which  hyaline  thrombi. 
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probably  formed  from  agglutinated  corpascles,  block  the  canal.  In  places 
they  are  actually  broken  through  without  any  evidence  of  hemorrhage. 

No  organisms  other  than  the  pneumococci  are  found  but  these,  as  is 
especially  well  shown  in  smears  made  from  the  fresh  lung,  are  surrounded 
by  exceptionally  thick  capsules.  No  bacilli  either  Gram-negatiye  or  Gram- 
positire  could  be  found  and  most  careful  search  failed  to  reveal  any 
organisms  resemUing  influenza  bacilli. 

The  other  organs  show  no  especial  abnormality. 

Case  221. — F.  B.  Entered  hospital  at  Camp  Lee  on  September  26,  de- 
lirious and  with  signs  of  consolidation  in  the  lower  right  lobe.  No  further 
history  except  that  his  illness  began  on  September  19  with  aching  and 
general  malaise.  Temp.  103-106.4''.  Pulse  102-120.  Respirations  28-66. 
Died  September  30,  1919.    Autopsy  6  hours  after  death. 

Anatomical  Diagnosis, — Bilateral  confhient  bronchopneumonia;  utcera- 
five  laryngitis. 

The  left  pleural  cavity  contains  very  little  turbid  fluid;  the  surface  is 
smooth  but  shows  scattered  areas  of  brick-red  staining. 

The  right  pleural  cavity  contains  about  60  c  c  of  turbid  fluid.  Its  sur^ 
faces  are  smooth  but  stained  over  the  consolidated  areas  a  brick-red  color. 

The  left  lung  is  very  large  and  is  air-containing  in  the  upper  and  anterior 
parts  of  the  upper  lobe  and  in  the  anterior  part  of  the  lower  lobe.  The 
rest  is  flrm,  elastic,  rather  flabby  and  airless.  The  whole  mesial  surface  of 
both  lobes  is  air-containing  and  the  solid  area  occupies  practically  the 
whole  posterior  part  of  the  lobes.  The  bronchial  glands  are  somewhat 
enlarged.  On  section  the  consolidated  area  in  both  lobes  is  not  quite 
homogeneous  but  is  in  general  dark  greyish  red  in  color.  The  cut  surface 
is  spongy  and  exudes  a  quantity  of  bloody  fluid.  The  spongy  appearance 
is  seen  to  be  due  largely  to  the  widening  of  the  terminal  bronchioles  and 
ductuli  alveolares  which  become  visible  as  minute  cavities  separated  by 
zones  of  true  alveolar  tissue  which  is  of  fine  texture.  In  most  of  the 
confluent  areas  of  consolidation  there  are  no  distinct  plugs  of  exudate  but 
these  minute  cavities  contain  fluid  which  is  easily  squeezed  out  after  which 
the  spaces  draw  themselves  open  without  any  appreciable  contents.  There 
are,  however,  a  few  more  prcmiinent  areas  of  consolidation  which  are  firmer 
and  in  which  distinct  plugs  of  exudate  are  visible. 

The  right  lung  is  very  voluminous.  The  upper  and  anterior  part  of  the 
upper  lobe  and  the  anterior  parts  of  the  middle  and  lower  lobes  are  air- 
containing  and  there  is  an  interstitial  emphysema  in  this  portion  of  tne 
upper  lobes.  The  posterior  and  lower  part  of  the  upper  lobe  is  elastic, 
partly  crepitant,  not  very  firm.  The  whole  posterior  part  of  the  lower 
lobe  is  heavy,  fairly  firm  and  elastic,  not  rigid. 

On  incision  a  great  quantity  of  blood-stained  fluid  pours  out  The  con- 
solidation in  the  upper  lobe  is  patchy  with  a  great  deal  of  intervening  air- 
containing  lung.  In  the  lower  lobe  the  consolidation  is  uniform  and  has 
the  same  coarse  spongy  character  without  distinct  alveolar  plugs  of  exudate 
as  seen  in  the  left  lung. 
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Organs  of  the  Neck, — ^TonslUi  somewhat  swollen  especially  the  right  one. 
Tongue,  epiglottis  and  pharynx  pale  and  normal.  Larynx  and  vocal  cords 
normal  except  for  a  small  grey  patch  at  the  base  of  the  epiglottis  and  a 
similar  patch  a  short  distance  below  the  Tocal  cords  on  the  left  side. 

Nasai  8inu$es, — ^The  sphenoid  sinus  contains  a  gelatinous  fluid  which 
readily  escapes  when  the  membrane  is  punctured.  The  lining  is  not 
hypersmic  but  practically  normal  in  appearance.  The  frontal  and  ethmoid 
sinuses  are  normal.    The  middle  ear  and  mastoid  cells  are  also  normaL 

Culturea  from  the  lungs  dereloped  many  colonies  of  Pneumococcus  Type 
IV,  together  with  a  staphylococcus.  Those  from  the  left  pleura,  heart's 
blood  and  spleen  were  sterile.  That  from  the  frontal  sinus  showed  the 
same  pneumococcus  while  the  sphenoid  sinus  contained  a  gram-negatiye 
bacillus. 

Microscopical  Examination, — ^The  lungs  show  in  all  the  sections  a  rery 
fresh  pneumonic  consolidation  which  is  dense  in  some  areas  but  around 
their  margins  fades  away  into  a  slight  hflemorrhaglc  oedema.  In  this  fluid 
bacteria  are  still  abundant  The  pleura  is  in  places  infiltrated  with  blood 
corpuscles  and  evidently  stained  with  hsBmoglobin.  There  are  no  great 
numbers  of  bacteria  there.  The  interlobular  septa  are  somewhat  widened 
and  oedematous.  The  lymphatics  both  there  and  in  the  walls  of  the  bronchi 
and  the  blood  vessels  are  dilated  and  filled  with  fiuid  and  a  delicate  network 
of  fibrin.  The  bronchi  contain  chiefiy  fiuid  with  few  ceUs.  Their  walls 
are  not  thickened  or  infiltrated.  The  alveolar  walls  are  not  especially 
thickened  or  infiltrated  with  cells,  but  the  capillaries  are  widely  distended 
with  blood.  The  ductuli  alveolares  are  very  much  dilated  and  contain  fiuid 
with  a  delicate  network  of  fibrin  and  a  relatively  small  amount  of  cellular 
exudate.  Their  walls  are  lined  with  a  homogeneous  layer  of  material 
which  stains  red  with  eosin  and  gives  an  indistinct  purple  stain  with  the 
gentian  violet  used  in  Weigert's  fibrin  stain.  This  hyaline  material  is 
therefore  not  precisely  identical  with  fibrin;  it  extends  so  as  to  line  many 
of  the  alveoli. 

In  the  alveoli  themselves  the  epithelial  cells  are  swollen  and  often 
desquamated.  They  are  not  especially  pigmented.  On  the  other  hand, 
there  are  many  large  mononuclear  pigmented  cells  in  the  alvec^r  cavities 
and  these  are  to  be  found  also  in  the  interstices  of  the  tissue  of  the  lung. 
The  alveolar  exudate  is  composed  largely  of  red  corpuscles  which  are  well 
preserved.  In  places  the  cavities  are  packed  with  them,  but  elsewhere 
the  alveoli  contain  a  great  deal  of  fiuid.  There  is  a  delicate  network  of 
fibrin  throughout  Polymorphonuclear  leucocsrtes  form  another  prominent 
element  of  the  exudate  but  they  are  not  really  very  numerous.  There  are, 
however,  many  mononuclear  cells  most  of  which  are  not  quite  as  large 
as  the  leucocytes  and  have  a  very  deeply  stained,  small  round  nucleus  and  a 
protoplasm  which  is  slightly  granular  and  takes  a  rather  deep  eosin  stain. 
There  are  other  larger  cells  with  a  single  vesicular  nucleus  and  faintly 
stained  cell  substance.  There  is  no  evidence  of  disintegration  of  the  c^ls 
and  no  sign  of  organization  so  that  the  process  i^pears  very  fresh.    Smears 
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from  the  long  showed  only  pnenmoooccL  In  section  these  are  the  predomi- 
nant organisms.  They  are  fairly  abundant  especially  in  the  more  cddema- 
toos  part  at  the  area  of  consolidation,  but  they  are  not  so  nomeroos  as  in 
some  other  cases.  No  other  organisms  are  seen  in  any  great  numbers, 
but  there  are  occasionally  found  clun^m  of  Qram-positiTe  cocci  which  look 
like  staphylococcL  In  three  alveoli  after  long  and  diligent  search  there 
were  found  twisted  strands  of  rather  large  Qram-negative  bacilli.  None 
of  these  were  intra<iellular  and  they  seem  too  large  to  be  regarded  as 
infiuensa  bacilli 

The  other  organs  show  the  following  changes  in  so  far  as  they  present 
any  abnonnality. 

The  bronchial  lymi^  glands  have  their  sinuses  pacdced  with  mononuclear 
cells  together  with  pneumoooccL  The  lining  of  the  sphenoid  sinus  shows 
oedema  and  hemorrhage  with  much  leucocyte  infiltration,  the  lumen  is 
full  of  a  mucopurulent  exudate  loaded  with  Qram-positiTe  cocci,  i^parently 
pneumococci.   There  are  no  influenza  bacilli. 

The  larynx  shows  a  diphtheritic  inflammation  with  pneumococci  scattered 
in  the  tissue  and  exudate  but  with  no  bacilli.  The  trachea  shows  s<mie 
pneumococci  and  many  very  large  bacilli  which  stain  irregularly.  No 
influenza  bacilli 

The  rectus  abdominis  muscle  presents  extensive  fresh  hyaline  de- 
generation. 

Cask  223. — H.  C.  Had  been  sick  since  September  11,  1918.  Onset  with 
chill,  general  aching,  headache,  nausea  and  vomiting.  Began  to  cough 
September  23.  Was  brought  to  hospital  September  26  with  impaired  vocal 
fremitus  at  the  base  of  the  left  lung.  No  further  history.  Died  September 
80.    Autopsy  13  hours  after  death. 

Anatomical  Diagnosis.— BUaterai  lolnOar  pneumonia;  Hyaline  degenera- 
Hon  and  rupture  of  rectus  abdominis  muscle  uoith  hemorrhage. 

The  right  rectus  abdominis  muscle  seems  normal,  but  the  left  is  ruptured 
transversely  in  the  lower  third  and  in  the  intervening  space  there  is  an 
extensive  hemorrhage. 

The  left  pleural  cavity  contains  about  20  cc.  of  dark  Inrown  fluid;  sur- 
faces smooth  and  glistening. 

The  right  pleural  cavity  contains  50  c  c.  of  dark  brown  turbid  fluid.  The 
surfaces  are  slightly  roughened,  and  over  the  lower  lobe  there  are  several 
patches  made  up  of  small  opaque  greyish  brown  elevations,  as  well  as 
other  patches  at  dark  red-paint-like  material. 

Left  Lung. — ^The  upper  lobe  contains  air  except  in  certain  firm  areas 
which  project  from  the  posterior  lower  part  The  lower  lobe  similarly 
presents  nodules  varying  from  1  cm.  to  5  cm.  in  diameter  which  project, 
but  otherwise  it  seems  to  be  air-containing.  On  section  these  areas  in  the 
upper  lobe  are  dark  brown,  almost  black  or  slate  color;  they  are  not  much 
elevated,  not  very  firm,  sharply  outlined  by  their  color  and  by  their 
increased  resistance.  They  do  not  present  any  definite  alveolar  plugs.  In 
the  lower  lobe  the  same  condition  is  noted  where  there  are  numerous 
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Bcattered  brownish  or  bladdsh  patches,  indistinctly  oatlined  and  not  Terj 
firm.  In  the  posterior  portion  of  the  lower  lobe  the  consolidation  becomes 
more  confluent  The  area  is  not  lirm,  exudes  a  great  quantity  of  brownish 
fluid,  and  contains  no  deflnite  alreolar  plugs. 

Right  lung, — ^The  upper  lobe  shows  a  rather  spongy  consolidation  in  the 
uppermost  part  posteriorly.  Otherwise  it  is  air-containing.  This  spongy 
area  is  greyish  red  superficially.  The  middle  lobe  is  similarly  consolidated 
in  the  posterior  part  The  consolidation  is  a  little  firmer  and  shows  distinct 
alveolar  plugs.  The  anterior  part  is  air-containing.  The  lower  lobe  is 
almost  entirely  consolidated.  The  cut  surface  shows  a  fairly  firm,  spongy 
dark  red  tissue  in  which  alyeolar  plugs  are  not  really  distinct  The  ductuli 
appear  to  contain  only  fluid  but  their  walls  seem  thickened.  A  great  deal 
of  bloody  fluid  ooses  from  the  lung.  The  lymph  glands  are  much  enlarged 
at  the  hilum,  and  deep  into  the  substance  of  the  lung. 

Organs  of  the  Neck. — ^The  UYUla,  pharynx,  tongue  and  tonsils  seem 
normal.  The  epiglottis  and  vocal  cords  are  normal.  The  larynx  is  rather 
pale  but  the  trachea  below  the  larynx  is  deep  red  in  color. 

The  other  organs  show  no  special  abnormality.  The  honemarraw  is 
almost  entirely  fatty. 

CuUurea  from  both  lungs,  the  right  pleura,  pericardium,  heart's  blood, 
and  from  the  ruptured  rectus  abdominis  show  Pneumococcus  Type  IV.  The 
plate  from  the  left  lung  contained  also  a  staphylococcus.  That  from  the 
right  lung  a  coarse  Qram-positive  bacillus. 

Microscopicai  Examination.— Sections  through  various  parts  of  the  lung 
show  dense  areas  of  consolidation,  in  some  places  with  much  haemorrhage, 
and  in  other  areas  a  very  fresh  exudate  which  is  rather  loose  and  fails  to 
fill  the  alveoli  solidly.  In  these  areas  the  ductuli  alveolares  and  the  atria 
are  in  many  places  lined  with  a  hyaline  material  (Fig.  2). 

Closer  examination  shows  that  in  the  areas  of  denser  consolidation  the 
capillaries  are  only  in  part  open  and  conducting  streaming  blood.  There 
are  in  many  short  stretches  of  the  alveolar  wall  no  blood  corpuscles, 
instead  the  capillaries  are  plugged  with  an  indefinite  mass  which  only 
occasionally  gives  the  fibrin  stain,  but  from  which  many  distorted  leucocytes 
are  seen  to  be  wandering  out  into  the  alveolus. 

In  the  less  densely  consolidated  part,  and  indeed  everywhere,  the 
epithelial  lining  of  the  alveoli  seems  practically  completely  desquamated. 
The  underlying  structureless  membrane  is  lifted  high  oft  the  capillaries  on 
each  side  by  fiuid  and  leucocytes.  The  hyaline  material  which  does 
not  stain  by  Gram's  stain,  but  which  in  places  seems  to  show  included 
red  corpuscles,  is  formed  in  close  apposition  with  this  membrane.  It  does 
not  replace  the  epithelium;  where  that  is  still  present  it  overlies  the 
hyaline  substance.  The  alveoli  are  full  of  leucocytes  which  are  packed  with 
pneumococcl. 

The  pleura  is  loaded  with  organisms  but  there  is  no  fibrinous  exudate  on 
its  surface.  The  grayish  brown  patches  are  found  to  be  areas  of  OBdema 
crowded  with  bacteria;  i^parently  it  is  the  actual  mass  of  bacteria  that 
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gives  the  peculiar  dull  color.  The  Interlobular  septa  are,  as  a  rule,  spread 
apart  by  accumulations  of  an  exudate  at  fluid,  fibrin  and  leucocytes  with  a 
great  many  bacteria. 

Cask  224.— S.  P.  Taken  sick  September  21, 1918,  with  general  soreness, 
chills,  cough  and  expectoration  at  blood.  On  admission,  September  28, 
there  was  no  consolidation,  but  there  were  mucous  rftles  and  some  slight 
dullness.  Throat  inflamed.  No  further  history.  Died  September  80. 
Autopsy  9  hours  after  death. 

Anatomical  DiagnoHa, — Bilateral  confluent  lobular  i^neumonia. 

Rectus  muscles  apparently  normal. 

The  left  pleural  cavity  contains  a  little  brownish  fluid;  surfaces  smooth 
and  glistening. 

The  right  pleural  cavity  contains  about  80  c  c  of  brownish  fluid;  surfaces 
smooth  and  glistening. 

Left  Lung,— The  upper  lobe  is  air-containing  except  for  a  mass  at  about 
its  middle.  The  lower  lobe  is  practically  entirely  solid  exc^t  for  the  upper 
posterior  angle.  It  is  elastic,  rather  cddematous,  and  pits  on  pressure.  On 
section  the  upper  lobe  is  largely  air-containing,  but  in  its  middle  portion 
shows  a  firm  area  which  is  slightly  elerated,  smooth  and  moist,  exuding  a 
clear  fluid  and  blood.  It  is  grayish  red  without  any  definite  alveolar  plugs. 
The  lower  lobe  is  much  more  extensively  consolidated,  but  it  too  on  section 
is  smooth,  moist,  exudes  a  grayish  fluid  and  is  nowhere  roughened  by  pro- 
jecting plugs  with  the  exception  perhaps  of  two  or  three  small  groups  of 
alveolL 

The  right  lung  (Pig.  8)  is  voluminous,  heavy,  pits  on  pressure  over  the 
whole  posterior  part  of  the  upper  lobe,  all  but  the  upper  part  of  the  middle 
lobe,  and  all  but  the  anterior  lower  margin  of  the  lower  lobe.  Over  the  loww 
lobe  near  its  lower  margin,  there  are  some  yellowish  white  elevations, 
pinhead  in  size,  scattered  in  the  pleura.  These  are  accompanied  by  the 
dull  red  stains  so  frequently  noted.  The  lung  on  section  exudes  a  brownish 
fluid.  The  bronchial  glands  are  large  and  pigmented.  The  upper  lobe  is 
found  on  section  to  be  partly  air-containing.  The  rest  is  firm,  smooth  moist, 
and  greyish  red  without  showing  any  definite  plugs  of  exudate.  The  lower 
lobe  shows  a  smooth  grayish  red  cut  surface  upon  which  it  is  difllcult  to 
outline  exactly  the  consolidated  part,  but  there  are  a  few  patches  which  are 
rather  more  elevated  and  darker.  There  is  in  this  lung,  more  than  in  any 
of  the  preceding,  the  peculiar  springy  elasticity  and  gelatinous  moist 
surface,  with  little  evidence  of  dry  alveolar  plugs,  characteristic  of  a  very 
fresh  consolidation.  The  same  condition  prevails  in  the  middle  lobe. 
The  tongue,  tonsils  and  pharynx  are  normaL  The  glottis  is  slii^tly 
oedematous.  The  vocal  cords  are  normal,  but  the  mucosa  ot  the  larynx  and 
trachea  is  somewhat  reddened. 

Cultures  from  the  right  lung,  right  pleura,  and  heart's  blood  showed 
Pneumococcus  IV  in  pure  culture;  those  from  the  spleen  and  pericardium 
were  negative.  Smears  frcmi  the  lung  show  pneumococci  with  capsules 
but  no  other  organisms.  The  infiuensa  bacillus  was  especially  searched 
for. 
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MicroMcopicai  ExaminatUm, — ^Large  sections  taken  through  seyeral 
lobules  of  the  conscdldated  long  show  a  remarkably  uniform  early  or  fresh 
consolidation  (Pig.  4),  which  in  the  sectiim  has  a  curious  spongy  appear- 
ance  because  of  the  dilatation  of  the  ductuli  alveolares  which  are  distended 
with  fluid  and  lined  in  part  with  the  hyaline  material  already  mentioned  in 
other  cases.  There  is  only  moderate  oedema  and  spreading  apart  of  the  inter- 
lobular septa  and  other  parts  of  the  framework  of  the  lung  and  the  brcmchl 
usually  contain  very  little  exudate.  The  smaller  bronchioles  have  suffered 
some  desquamation  of  their  epithelium  and  in  the  ductuli  all  the  m<M« 
prominent  points  are  thickly  covered  with  the  homogeneous  eosin-staining 
hyaline  material  which  seems  to  form  upon,  or  in  connection  with,  the 
thin  structureless  membrane  which  underlies  the  epithelium.  The  epi- 
thelium itself,  if  not  entirely  lost,  is  found  adhering  to  the  surface  of  this 
layer.  The  alTedi  contain  a  delicate  network  of  fibrin  in  the  meshes  Gl 
which  lie  relatiTely  few  cells,  all  of  which  are  very  well  preserved  (Pig.  5). 
Red  corpuscles  form  a  large  proportion  of  these  and  sometimes  fill  groups  of 
alveoli  completely.  There  are  many  polymorphonuclear  neutrophile  leuco- 
cytes which  are  actively  phagocytic  and  contain  pneumococci,  but  there  are 
also  many  free  organisms.  With  the  combined  (Goodpasture  and  Weigert 
stain  it  is  found  that  the  pneumococci  are  the  only  bacteria  present  and 
they  are  in  small  numbers  as  compared  with  the  msrriads  found  in  s<»ne 
cases.  In  the  phagocytic  leucocytes  there  are  almost  as  many  mononu- 
clear cells  which  fall  into  several  groups.  Of  these  there  are  first,  certain 
small  cells  not  much  larger  than  red  corpuscles  with  a  deeply  stained  small 
round  nucleus  and  sharply  outlined  cell  body  which  with  Glemsa's  stain 
seems  finely  granular^  Of  these  there  are  three  or  four  in  each  alveolus. 
They  are  not  evidently  phagocytic,  and  are  possibly  to  be  regarded  as 
lymphocytes,  although  the  solidity  of  the  nucleus  and  the  green  stain  which 
it  takes  with  methylene  blue  are  not  precisely  characters  of  the  lymphocyte. 
These  are  doubtless  the  cells  described  by  Pratt  in  his  studies  of  the  early 
stages  of  lobar  pneumonia.  The  larger  mononuclear  cells  are  more  abun- 
dant and  it  becomes  diflicult  to  decide  as  to  their  exact  nature.  Some 
of  them  are  directly  traceable  to  such  connections  with  the  alveolar 
epithelium  which  still  adheres  so  that  there  can  be  little  doubt  that  they  are 
desquamated  epithelial  cells.  These  are  often  phagocytic  and  some  of  them 
are  swollen  or  bloated  and  no  longer  stain  clearly  or  deeply.  But  there  are 
many  other  large  mcmonuclear  cells  which  do  not  seem  to  be  of  this  nature, 
partly  because  they  can  be  found  wandering  in  considerable  numbers  in  the 
tissue  ot  the  lung  and  especially  in  such  places  as  the  walls  of  the  bronchi 
and  blood  vessels.  These  are  not  morphologically  very  different  from  the 
desquamated  epithelium  but  it  seems  probable  that  they  belong  to  that 
series  of  mononuclear  wandering  cells  derived  from  lymphocyte-like  cells 
in  the  beginning  and  always  abundant  in  the  meshes  of  the  tissues  and 
ready  to  approach  an  area  of  infection.  Their  protoplasm  stains  rather 
deeply  and  has  a  finely  granular  appearance  but  one  cannot  stain  any 
specific  granules  there  even  with  the  aid  of  Wilson's,  Wright's  or  Qiemsa's 
stain  which  readily  bring  out  the  neutrophile  granules  of  the  leucocytes. 
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In  the  walls  of  the  bronchi  and  elsewhere  there  are  some  mast  cells  the 
granules  of  which  stain  a  brilliant  deep  wine  color  with  the  stains  lust 
named.  In  the  alreolar  walls  most  of  the  capillaries  are  se^i  to  be  normal 
and  transmitting  a  stream  of  blood  corpuscles,  but  in  nearly  erery  alveolus 
there  are  some  of  these  capillary  channels  which  are  plugged  with  minute 
capillary  thrombi  which  stretch  across  the  wall  of  the  alvec^us.  It  is 
from  these  thrombosed  portions  of  the  capillaries  that  leucocytes  are  seen 
wandering  out  and  caught  by  the  fixing  fluid  in  the  act  of  stretching  the 
cell  body  and  nucleus  through  the  alveolar  wall. 

Casb  82.— L.  J.  Began  to  feel  ill  on  September  25,  1918.  On  October  4 
he  had  a  chill  with  headache,  backache,  cough  and  pain  in  chest 
Admitted  to  hospital  October  6.  Bronchial  breathing  and  moist  rftlee 
over  both  lower  lobes  noticed  on  October  9.  On  October  10  dullness 
over  both  bases.  Patient  very  sick  with  dyspnoea  and  cyanosis.  Delirious. 
Temp.  lOS"".  Pulse  88-136.  Resp.  28-64.  Urine  negative.  Leucocytes  8400. 
Polynuclears  84  per  cent  S.  M.  14.  TransiUonals  2.  X-Ray  examination 
shows  a  few  scattered  areas  c^  consolidation.  Death  on  October  11. 
Autopsy  two  hours  after  death. 

Anatomical  Diagnoais^SUateral  confluent  lobular  pneumonia.  Rupture 
of  rectui  abdominis  with  hcBmorrhage. 

Rectus  Muscle, — The  rectus  abdominis  on  the  right  side  shows  an  ex- 
tensive hemorrhage  between  the  torn  ends  of  the  ruptured  muscle.  On 
the  left  side  there  are  small  ruptures  of  the  pale  musculature  with 
hemorrhage. 

The  left  pleura  contains  about  100  c.  c.  of  turbid  grayish  fluid.  The 
surfaces  are  fairly  smooth  but  over  the  posterior  aspect  there  are  con- 
fluent elevated  patches  of  a  pale  grayish  yellow  color  which,  although 
only  from  one  to  two  millimeters  in  diameter,  are  so  numerous  as  to 
cover  a  large  part  of  the  pleura*. 

The  right  pleura  is  partly  obliterated  by  adhesions,  but  also  contains  360 
c.  c  of  grayish  brown  fluid. 

The  left  lung  is  very  voluminous  and  heavy.  Its  upper  lobe  shows  a 
perfect  checkerboard  of  alternately  purine  and  pale  grayish  pink  lobules. 
There  are  also  paUdies  of  deep  red  paint-like  discoloraUons  on  the 
pleural  surface.  On  section  the  upper  part  of  the  lobe,  while  in  general 
air-containing,  presents  numerous  airless,  elastic  dark  red  lobules  which 
are  firm  but  not  rigid.  The  lower  part  of  the  lobe  is  not  consolidated. 
These  patches  are  more  numerous  anteriorly  and  stand  up  above  the  cut 
surface.  They  are  coarse  and  spcmgy,  very  cddematous  but  without  any 
definite  plugs  of  exudate. 

The  lower  lobe  is  almost  entirely  firm  except  in  its  anterior  lower 
portion  where  it  is  checkered  with  patches  ol  deep  blue.  On  section 
it  is  very  cddematous,  almost  entirely  airless  and  presents  several  areas  of 
consolidation  which  are  prominent  and  outlined  usually  by  interlobular 
septa.  These  are  dark  brownish  red,  very  spongy,  moist  and  elastic  but 
not  rigid.  No  plugs  of  exudate  project  but  the  cut  surface  exudes  a  bloody 
fluid.    The  bronchi  are  pale  and  contain  a  frothy  brownish  fiuid. 

•m 
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Right  Lung, — ^The  condition  found  in  this  long  is  precisely  that  de- 
scribed for  the  left  except  that  the  consolidation  is  eren  more  extensire 
(Fig.  6). 

The  tracheal  mucosa  is  grayish  pink  and  shows  no  ulceration.  The 
tissue  about  the  Tocal  cords  is  oedematous  and  the  cords  themselves  and 
the  mucosa  just  below  them  show  a  shallow  ulceration. 

C%lturei, — From  the  heart's  blood  there  was  cultivated  a  pneumococcus. 
The  lungs  showed  in  smears  and  in  cultures  a  pneumococcus  which  was 
associated  with  the  micrococcus  catarrhalis.  Mice  inoculated  from  each 
lung  died  with  pneumococcus  in  the  peritoneum  and  heart  Smears  and 
cultures  from,  the  trachea  gave  PfeifPer's  influenza  bacillus. 

Microscopical  Examination, — Some  of  the  sections  of  the  lung  show  a 
dense  haemorrhage  in  the  substance  of  the  pleura  which  corresponds  with 
the  paint-like  discolorations  described.  In  other  places  the  pale  coffee- 
colored  elevations  are  found  to  correspond  with  masses  of  pneumococcl 
in  the  oBdematous  pleural  tissue.  The  areas  of  consolidation  are  of 
different  density.  Most  typical  are  those  in  which  the  ductuli  alveolaree 
are  enormously  dilated  with  fluid,  each  projecting  interalveolar  septum 
being  ci^^ped  with  a  hyaline  red-staining  material  which  lines  the  ductulus, 
extends  into  the  alveoli,  and  is  thickest  over  the  most  prominent  points. 
The  fluid  is  practically  cell-free  but  is  full  of  minute  bubbles  about  which 
pneumococcl  are  clustered.  The  actual  alveoli  between  these  difated 
ductuli  are  full  of  a  fresh  exudate  of  red  corpuscles  with  leucocytes  and  a 
delicate  network  of  flbrin.   This  exudate  is  fairly  loaded  with  pneumococcl. 

The  exudate  in  these  alveoli  is  quite  fresh  and  instead  of  being  composed 
chiefly  of  polymorphonuclear  leucocytes  contains  very  many  small  cells 
not  larger  than  a  red  corpuscle  with  single  round,  deeply  stained  nucleus 
and  flnely  granular  protoplasm  (Fig.  7).  These  cells  are  characteristic  of 
the  earliest  stages  in  the  production  of  the  exudate  and  have  been  described 
in  other  cases.    Their  exact  nature  is  obscure. 

Case  5713.— O.  R.  B.  Age  31.  Onset  on  September  27, 1918,  with  general 
malaise,  sore  throat,  photophobia  and  severe  headache.  On  October  1  he 
had  a  free  epistaxis.  Admitted  to  the  hospital  on  October  4  with  general 
tenderness  over  body,  and  signs  and  sjrmptoms  of  bronchopneum<Hilc 
consolidation  especially  in  the  lower  lobes.  Temperature  102-104.4''. 
Death  October  6.    Autopsy  12  hours  after  death. 

Anatomical  Diagnosis. — Confluent  lohuUir  pneumonia  with  fllrinous 
pleurisy. 

The  left  pleura  contains  20  a  a  of  dark  cloudy  fluid.  The  surface  is 
roughened  posteriorly  and  on  the  diaphragmatic  surface  but  is  otherwise 
smooth. 

The  right  pleura  contains  10  cc  of  similar  fluid.  The  surfaces  are 
smooth  and  glistening. 

The  left  lung  is  heavy  and  dark  purplish  red,  especially  in  the  pos- 
terior portion  of  the  lower  lobe  where  the  surface  is  covered  with  a  thin 
layer  of  fibrin,.  The  upper  lobe  on  section  shows  patchy  areas  of  con- 
solidation separated  by  air-containing  tissue.     The  lower  lobe  is  lirm 
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and  almost  completely  consolidated,  but  there  are  8<Hne  air^coatalning 
lobules.    The  oat  surface  is  corered  with  grasrish  red  fluid. 

The  right  lung  presents  the  same  dark  red  cc^or  as  the  left  The 
lower  lobe  and  the  inferior  third  of  the  upper  lobe  are  almost  comi^etely 
consolidated  and  the  cut  surface  ooses  a  dark  reddish  fluid. 

Trachea, — The  trachea  contains  much  turbid  dark  fluid.  Its  mucosa  is 
congested  and  coTered  with  a  thin  flbrinoua  exudate. 

Cultures  from  the  lung  showed  Streptococcus  hnmoljrticus  and  Staphy- 
lococcus aureua 

Microscopical  Examination. — ^The  pleural  surface  is  not  especially 
altered  but  the  membrane  itself  is  oedematous.  The  interlobular  septa  are 
Tory  greatly  widened  by  oedema  and  this  is  true  to  a  less  extent  of  the 
adTentiUal  walls  of  the  bronchi  and  blood-yessela  The  lymphatics  are 
not  conspicuously  dilated.  The  cddematous  interlobular  septa  are  sparsely 
inflltrated  with  mononuclear  cells  of  various  sices  and  shapes,  most  of 
which  are  of  the  type  of  lymphocytes,  but  there  are  larger,  more  deeply 
stained  cells  and  a  few  with  distinct  basophilic  granules. 

The  bronchi  show  a  moderate  desquamation  of  the  epitheliuoL  They 
contain  diiefly  blood  with  a  few  mononuclear  cells — both  staphylococci 
and  pneumococci  are  found  there.  The  ductuli  alveolares  are  not  dilated. 
They  and  the  alreoli  in  all  the  consolidated  areas  are  filled  with  blood- 
corpuscles  in  which  there  are  found  a  few  small  mononuclear  cells  and  an 
eren  smaller  number  of  larger  mononuclears.  Polymorphonuclear  leuco- 
cytes are  very  scarce.  The  whole  consolidated  part  of  the  secticm  is  so 
densely  filled  with  extremely  well  preserved  red  corpuscles  that  it  is  very 
difllcult  to  make  out  the  nature  of  the  other  changes.  Neighboring  alveoli 
contain  fluid  with  very  few  cells  of  any  kind.  There  is  but  little  flbrin 
visiUe  in  the  alveoli,  which  are  distended  with  blood,  and  no  capillary 
thrombi  are  seen.  The  epithelial  cells  are  partly  desquamated,  but  many 
swollen  cells  of  this  order  are  found  adhering  to  the  walls.  Some,  and, 
indeed,  the  majority  ot  the  alveoli,  show  no  bacteria  whatever,  but  in  others 
there  are  numerous  large  round  Qram-positive  cocci,  sometimes  in  short 
chains,  oftmier  in  groups  and  occasionally  in  large  solid  masses  composed 
of  many  thousands.  These  are  evidently  the  stiM;>hylococcus  aureus  found 
in  culture.  In  other  areas  and  especially  in  the  brondiioles,  a  few  pneu- 
mococci are  visiUa  No  especial  destruction  of  tissue  or  intense  reaction 
is  found  about  the  large  clumps  of  staphylococci. 

Closer  examination  of  the  cells  of  the  alveolar  exudate  shows  that 
many  of  them  are  about  as  large  as  red  corpuscles,  or  slightly  larger,  with 
sharp  outline  and  a  small,  solid,  round,  d^isely  stained  nucleus.  These 
are  similar  to  those  described  elsewhera  There  are  also  deflnite  lymi^o- 
cytes  which  are  quite  distinct,  and  fairly  numerous  larger  mononuclear 
cells  with  a  vesicular  nucleus  and  basophilic  protoplasuL  All  the  cells 
are  very  well  preserved. 

Cask  6714.— H.  Q.  F.  Age  30.  Onset  on  the  morning  of  October  1, 1918, 
with  slttht  coryia  and  general  aching  in  the  lumbar  region  and  legs. 
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These  symptoms  increased  until  October  3,  with  headache^  sore  throat, 
homing  of  the  eyes,  photophobia  and  cough,  with  expectoration  of  thin 
tenacious,  purulent  sputum.  Temperature  100-103''.  The  patient  was 
drowsy,  cold  and  prostrated.  Leucocytes  4760-6400.  The  lungs  were  nega- 
tire  except  for  some  impairment  of  the  right  hadL  below  the  sci^ula,  with 
numerous  rftles.  Pharynx  much  injected.  Cjranosis  marked.  The  ex- 
tremities were  cool  in  spite  of  high  feyer.  Died  October  7.  Aut<^»8y 
11  hours  after  death. 

Anatomicca  DiagnoHs, — Confluent  lobular  pneumonia. 

The  left  pleura  contains  a  small  amount  of  dark  brown  fluid.  The 
surfaces  are  smooth  and  glistening. 

The  right  pleura  shows  the  same  appearance  as  the  left 
.The  left  lung  is  heavy  and  rather  flruL  It  is  dark  purplish  red  with 
numerous  irregular  areas  of  firmer  consistency,  exceptionally  closely 
placed  in  the  lower  lobe  posteriorly  and  separated  by  wider  areas  of  air- 
containing  tissue  in  the  upper  lobe.  These  patches  are  not  very  firm  and 
not  yery  sharply  outlined  but  are  airless  and  project  slightly.  The  inter- 
yening  tissue  is  filled  with  a  reddish  fiuid  which  exudes  readily  upon  the 
surface.  The  bronchi  are  deeply  reddened  and  this  reddening  extends  into 
the  trachea  and  larynx. 

The  right  lung  presents  the  same  picture  as  the  left. 

CuUure$  from  the  lungs,  pleural  fiuid  and  trachea  contain  Pneumococcus 
Atypical  II  and  also  Strept  hsmolytlcns,  whidi  was  cultiyated  also  from 
the  blood. 

Microscopical  Examination. — ^The  lung  presents  the  most  beautiful  type 
of  fresh  consolidation  following  influenza  and  usually  found  to  be  caused 
by  the  pneumococcus.  In  this  case  organisms  are  few  in  the  bron<diioles 
and  still  fewer  in  the  ductuli  and  tissues  of  the  lung,  but  there  are  seyeral 
kinds,  not  only  pneumococd  but  staphylococci,  probably  streptococci  and 
large  stout  bacilU.  No  influenza  bacilli  are  to  be  found.  S<Hne  of  the 
lung  substance  shows  simply  an  extreme  oedema  with  dilatation  of  the 
capillaries.  The  remainder  is  distinguished  by  the  yery  great  dilatation 
of  the  ductuli  alyeolares  which  beccmie  yery  conspicuous.  They  contain 
fiuid  which  is  in  part  coagulated  in  fixation  but  yery  few  c^s  of  any 
kind.  There  is  no  fibrin  coagulum  and  only  a  few  leucocytes  and  red 
corpuscles.  Here  and  in  the  larger  bronchioles,  whose  epithelium  is 
partly  desquamated  but  whose  walls  are  not  thickened  or  infiltrated,  most 
of  the  bacteria  are  found.  The  surrounding  alyeoli  contain  a  loose  net- 
work of  fil»ln  often  pressed  badL  against  the  wall  and  relatively  few 
leucocytes.  The  latter  are  In  a  perfect  state  of  presenration  and  so  are 
the  few  red  corpuscles  mingled  with  them.  There  are  always  several  of 
the  small  rounded  cells  with  a  deeply  stained  solid-looking  single  round 
nucleus  and  what  seem  to  be  neutn^hile  granulations.  Other  larger 
mononuclear  cells  with  a  vesicular  nucleus  and  faintly  granular  protoplasm 
are  also  present  It  seems  possible  that  these  larger  cells  may  be  myelo- 
cytes, and  that  in  spite  of  the  usual  idea  of  the  metamorphosis  of  myelo* 
cytee  into  polymorphonudear  leucocytes,  the  small  granular  cells  may 
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represent  some  form  intennediate  between  myelocytes  and  leacocytes. 
The  epithelium  is  not  very  well  preserved  and  much  ctf  it  is  desquamated. 

The  ductuli  are  nsoally  thickly  lined  with  homogeneous  hyaline  material 
so  often  described,  and  in  places  this  extends  into,  and  occupies  part  of 
the  cavities  of  the  adjacent  alveoli.  The  ci^illaries  which  immediately 
underlie  the  hsraline  material  are  commonly  obliterated  by  fibrin,  so  that 
no  blood  passes  through.  This  is  true  elsewhere,  too,  as  can  be  well 
seen  in  Weigert  preparations,  but  it  is  most  striking  just  where  the 
hyaline  forms. 

The  pleura  is  (edematous  but  not  otherwise  greatly  altered;  the  inter- 
lobular septa  are  also  (edematous  and  slightly  infiltrated.  Lymphatics 
are  not  conspicuous.  The  bronchi  are,  as  already  mentioned,  not  espe- 
cially thickened  or  infiltrated  and  the  same  applies  to  the  blood-vessels. 

In  this  case,  although  there  was  a  great  mixture  of  organisms,  it  scans 
probable  that  the  pneumococcus  played  the  principal  rOle. 

Case  5722.— S.  G.  Age  10  years.  Onset  October  7, 1918,  with  slight  fever, 
a  little  cough  and  epistaxis.  He  seemed  to  improve  until  October  14  when 
he  complained  of  pain  in  the  head  and  stomach.  Admitted  to  the  hospital 
on  October  16  with  cough,  rapid  respiration,  fever,  prostration  and  stupor. 
Respiration  shaUow  and  labored.  Impairment  of  resonance  in  left  axilla 
and  left  bacdc  with  suppression  of  breath  sounds  and  tubular  quality. 
Numerous  rftles  everywhere.  Leucocytes  3840.  Temperature  102.4®. 
Died  October  16.    Autopsy  17  hours  later. 

Anatomical  Diagnosis.— Lobular  pneumonia  iMh  fihrinopurulent  troche' 
itis;  mediastinal  Ijtmphadenitis. 

Left  Pleurae—The  left  pleural  cavity  contains  about  50  c  c  of  slightly 
turbid  yellow  fluid.  The  posterior  and  interlobular  surfaces  are  dull,  and 
show  a  deposit  of  gray  fibrin. 

Right  Pleura — The  right  pleural  cavity  also  contains  a  small  amount  of 
turbid  fiuid.  The  pleura  is  roughened  laterally  and  posteriorly  with  thin 
deposits  of  fibrin. 

Left  Lung. — The  ui^per  lobe  is  smooth  and  air-containing  anteriorly,  but 
posteriorly  it  is  solid  and  dark,  slaty  purple  in  col(xr  with  smaller  areas  of 
air-containing  lung.  The  lower  lobe  shows  extensive  consolidaticm 
posteriorly.  The  inferior  surf^u^  is  mottled  by  consolidated  and  air- 
containing  lobules.  The  cut  surface  of  the  upper  lobe  is  red  and  firm 
and  somewhat  roughened.  That  of  the  lower  lobe  shows  in  its  upper 
half  a  solid  gray  area  whi<di  stands  above  the  surrounding  surfttce  and 
coses  a  purulent  material  with  a  small  abscess  here  and  there,  while  in 
its  lower  half  it  is  like  the  nj^per  lobe,  blood-stained  and  (edematous. 
The  bronchi  are  deeply  reddened  and  contain  a  frothy  yellow  fiuid. 

Bight  Lung.—The  rig^t  lung  is  rather  larger  than  the  left  The  anterior 
portion  shows  paler  pinkish-gray  areas  alternating  with  deep  reddish- 
brown  patches  whi(di  are  solid.  The  posterior  portions  of  the  lower  lobe 
are  solid  and  slaty  purple  in  color,  although  the  anterior  parts  are  mottled 
as  above.    On  secti(m  the  upper  lobe  shows  scAid  areas  of  deep  red.    In 
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the  lower  lobe  the  consolidated  area  is  more  grayish  and  stands  above 
the  surrounding  surface,  being  composed  of  small  gray  foci  with  red 
periphery. 

Larynx, — The  mucosa  of  the  larynx  and  glottis  is  de^ly  reddened  and 
covered  with  a  grayish  exudate  which  extends  downward  into  the 
trachea. 

No  cultures  were  made. 

Microscopical  ExamituUion. — ^The  sections  show  a  peculiar  combination 
of  many  features  which  may  perhaps  be  explained  by  the  fact  that  while 
the  predominant  and  wld&«pread  organism  is  a  pneumocoocus,  many 
areas  of  the  lung  swarm  with  the  influenza  bacillus  or  at  least  with  a 
bacillus  morph<dogically  identical  with  it 

The  pleura  is  covered  by  a  very  thin  film  of  fibrin.  The  tissue  is  spread 
apart  by  oedcBna  and  in  the  lymphatics  there  is  much  fluid,  a  few  leuco- 
cytes and  pneumococd.  The  Interlobular  septa  are  inconspicuous.  The 
bronchial  walls  are  wid^ied  by  oddema  and  by  an  infiltration  of  mono- 
nuclear cells.  Their  lymphatics  are  not  greatly  dilated.  The  epithelium  is 
loosened  but  in  the  larger  branches  continuous.  The  contents  are  purulent, 
with  pneumococd  and  infiuenza  baciUL  The  smaller  brandies  have  lost 
their  epithelium  and  their  walls  are  covered  with  a  dense  layer  of  fibrin 
Infiltrated  with  leucocytes  and  mononudear  cdls.  The  walls  of  these  small 
brondiloles  are  greatly  thickened  by  an  infiltration  of  moncmudear  wan- 
dering cells.  But  most  striking  is  the  great  accumulation  of  masses  of 
Infiuenza  bacilli  In  the  diphtheritic  pseudomembrane  which  forms  the 
lining.   Pneumococd  are  there,  too,  but  not  in  such  huge  numbers. 

The  ductull  alveolares  are,  in  places  only,  dilated  and  thickly  lined  with 
hyaline  material.  They  contain  no  dense  exudate  but  great  numbers  of 
mononudear  cells  with  leucocytes.  The  alveolar  walls  are  not  thrombosed, 
although  they  are  often  stretdied  so  that  the  capillaries  iq>pear  bloodless. 
In  patches,  sometimes  of  large  extent*  they  are  packed  with  an  exudate 
composed  diiefly  of  leucocytes  with  mudi  disintegrated  granular  swollen 
cell  bodies.  Pneumococd  of  typical  form  are  scattered  in  the  exudate  in 
great  numbers  but  very  few  Infiuenza  bacilli  are  seen.  Outside  such 
dense  areas  of  consolidation  there  is  much  of  the  lung  which  is  merely 
oddematous  or  very  sparsely  Infiltrated  with  leucocsrtes.  In  this  cedema 
fiuid  there  are  scattered  many  pneumococd  and  also  douds  of  Infiuenza 
badlli.  Toward  the  pleura  the  alveoli  are  large  and  are  packed  with  dis- 
integrating leucoc3rtes.  It  is  only  in  the  marginal  alveoli  where  a  loose 
exudate  persists  that  many  red  corpusdes  are  found. 

It  is  to  be  observed  that  the  alvedar  epithelium,  in  general  thin  and 
stretched  or  desquamated,  becomes  high  and  cubical  in  certain  groups 
of  alveoli  where  the  interstitial  infiltration  and  rigidity  of  the  walls  are 
most  marked. 

Case  5726.— A.  M.  Age  13  months.  Onset  October  12,  1918,  with  fever 
and  cough.  Admitted  to  the  hospital  October  17  in  a  state  of  prostration 
and  stupor.    Re^iration  labored,  chiefiy  thoracic;  dullness  in  left  axilla 
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and  oyer  right  back.  Dry  rftles  heard  everywhere.  Leacocsrtes  3640. 
Died  October  19.    Autopsy  one  hour  after  death. 

Anatomical  DiagnoiU, — Lobular  pneumonia;  flhrinou8  pleurisy;  flbrino- 
purulent  tracheitia;  bronchitis. 

The  left  pleura  contains  20  a  c  of  yellow  turbid  fluid. 

The  right  pleura  contains  75  c.  o.  of  turbid  yellow  fluid.  The  surfaces  are 
smooth  but  there  is  a  little  loosely  adherent  fibrin. 

Left  Lung,— The  left  lung  shows  soiall  patches  of  consolidation  in  the 
anterior  portions  and  a  much  larger  area  inyolvlng  almost  the  entire 
posterior  portion  of  the  upper  and  lower  lobes.  Where  these  dark  red  con- 
solidated areas  reach  the  surface  there  is  a  dull  exudate  of  fibrin  on  the 
pleura.  On  section  the  more  extensiye  posterior  portions  are  grayish  red» 
dull,  roughened  and  elevated.  The  scattered  patches  anteriorly  are  deep 
red,  not  so  firm,  and  only  slightly  eleyated. 

Right  Lung.^— The  same  description  applies  to  the  right  lung. 

The  trachea  and  larynx  show  marked  hyperemia. 

Cultures. — Qram-positiye  diplococci  but  all  were  oyergrown  by  a  spread- 
ing Qram-negatiye  bacillus. 

Microscopical  Examination. — ^The  pleura  is  coyered  by  shreds  of  fibrin 
but  its  substance  is  loaded  with  bacteria.  So^  too,  the  interlobular  septa 
are  greatly  widened  and  in  places  contain  bacteria.  The  lynu>hatiC8  are 
distended  with  leucocytes  and  bacteria  both  there  and  in  the  walls  of  the 
bronchi  and  yessels.  The  bronchi  retain  fairly  well  their  epithelium.  The 
ductuli  alyeolares  are  greatly  dilated  and  beginning  in  the  bronchioles 
over  the  epithelium  there  is  the  layer  of  hyaline  material  so  often  described, 
running  down  into  the  ductuli  and  continuing  eyen  into  the  alyeoli.  This 
oyerlies  but  does  not  necessarily  replace  eyen  the  alyeolar  epithelium* 
The  lung  is  consolidated  only  in  patches  and  is  not  especially  OBdematous 
elsewhere.  These  patches  are  almost  necrotic  and  most  of  the  alyeolar 
walls  show  stagnant  capillary  blood  columns  or  actually  thrombosed 
capillaries.  The  ductuli  appear  as  pale  spaces  with  little  but  fibrin,  the 
alyeoli  contain  leucocytes  with  many  large  and  small  mononuclears^  The 
whole  area  is  densely  loaded  with  bacteria  sprinkled  and  crowded  every- 
where.  These  are  usually  single,  rather  pointed  at  the  extremities,  stout 
but  with  distinct  polar  staining,  the  central  part  remaining  unstained  by 
the  gram  stain.  No  other  bacteria  are  seen.  They  do  not  look  like  pneumo- 
cocci  although  pneumococci  alone  are  r^orted  in  culture. 

Cask  211.— J.  U  J.  Onset  September  17,  1918,  with  headache,  back- 
ache, fever,  cough  and  prostration. 

Admitted  to  hospital  September  19.  Next  day  pain  in  left  lower  chest 
Physical  signs  of  consolidation  in  left  base  posteriorly  and  lower  right 
scapular  region  on  September  21.  Patient  became  delirious  and  died 
September  26.  Sputum  not  examined.  Autopsy  September  27,  1918,  18 
hours  after  death. 

Anatomical  Diagnosis. — Confluent  lobular  pneumonia,  acute  tracheitis 
and  laryngitis.   Infection  of  antrum.    Acute  splenic  tumor. 
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The  left  pleural  cavity  contains  no  ezoess  of  fluid;  surfaces  smooth  with 
some  flecks  of  haemorrhage.  Right  pleural  cavity  contains  no  fluid  and  the 
surfaces  are  smooth  hut  slightly  dulled  over  the  projecting  sc^d  pat^es 
in  the  lung  where  they  are  blood-stained  and  at  a  brick-red  color. 

Left  Lung. — ^Both  upper  and  lower  lobes  are  air-containing  anteriorly  but 
there  are  areas  of  consolidation  in  the  lower  and  posterior  portions  of  each 
lobe.  The  area  of  consolidation  in  the  upper  lobe  is  about  6  cm.  in  diameter 
and  is  not  perfectly  uniform,  being  rather  patchy.  On  section  the  brcmchi 
are  reddened  and  their  walls  dull  looking,  but  otherwise  not  altered.  They 
contain  a  frothy  brownish  blood-stained  fluid.  The  blood-vessels  and  inter- 
lobular septa  are  unchanged.  The  alyeoli  are  evidently  filled  with  exudate 
throughout,  patches  of  greyish  pink  color  which  are  surrounded  and  sep- 
arated by  dark  red  areas.  In  the  lower  lobe  there  is  a  similar  group  of 
patches  of  greyish  pink  firm  tissue  interspersed  with  dark  red  areas. 
Isolated  patches  with  greyish  centers  have  a  hemorrhagic  margin  and 
the  large  group  is  bordered  by  h»morrhage.  The  mucosa  at  the  bronchi 
is  very  hypersBmic. 

The  right  lung  (Fig.  8)  is  extremely  voluminous  and  the  whole  posterior 
part  of  the  upper  lobe  is  consolidated.  The  middle  lobe  has  only  a  few 
nodules  of  consolidation,  whereas  the  lower  lobe  presents  several  widely 
separated  firm  areas,  the  whole  posterior  and  lower  part  as  well  as  a  large 
area  in  the  upper  and  anterior  part  being  aftected.  On  incision  there  is 
found  in  the  upper  lobe  a  sharply  outlined  irregular  patch  of  consolidation 
which  is  greyish  red  with  scattered  patches  and  a  general  border  of  hemor- 
rhage. In  the  lower  lobe  there  are  numerous  ramifying  patches  of  elevated 
consolidated  tissue  which  has  a  uniform  greyish  red  color  except  for  a  few 
hemorrhagic  patches,  and  is  surrounded  by  a  deep  red  margin.  The 
consolidation  appears  to  be  due  to  an  intra-alveolar  exudate.  The  bronchi 
are  not  especially  altered  and  contain  no  yellow  exudate.  The  intervening 
and  surrounding  lung  substance  is  normal;  the  blood  vessels,  interlobular 
septa  and  lymphatics  seem  normal. 

The  spleen  and  mesenteric  lymph  glands  are  somewhat  swollen. 

The  vocal  cords  (Fig.  9)  are  covered  with  an  opaque  chaft-like  substance 
and  iq>pear  slightly  ulcerated.  The  mucosa  of  the  tracdiea  is  deeply  red- 
d^ied  and  covered  with  a  ragged  greyish  sallow  exudate  in  a  flne  network. 
The  antrum  contains  a  purulent  exudate. 

Cultures  from  the  lungs  and  from  the  antrum  showed  the  staphylococcus 
albus  and  the  influenza  bacillus.  Those  from  the  heart's  blood  contained 
the  staphylococcus  al<me. 

Microscopical  Examination, — ^The  tradiea  is  intensely  hypersBmic  and 
its  walls  in  many  places  are  inflltrated  with  extravasated  blood.  The 
mucosa  is  partly  covered  with  a  rather  dense  fibrinous  exudate  which  is 
continuous  with  the  underlying  necrotic  tissue.  Where  this  pseudo- 
membrane  has  fallen  off  there  remains  a  shallow  ulceration.  In  these 
areas  staphylococci  and  influenza  bacilli  are  found. 

The  lung  shows  very  sharply  outlined  patches  of  consolidation  in  which 
the  pleura  and  interlobular  septa  are  not  especially  altered.    The  bronchi 
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have  as  a  rule  lost  their  epithelium.  The  larger  ones  show  a  distinct 
diphthwitic  or  pseudomembranous  inflammation  with  which  there  are 
associated  staphylococci  in  great  numbers.  Influenza  bacilli  are  doubtfully 
made  out  The  walls  are  rather  thickly  infiltrated  with  leucocytes  and 
mononuclear  cells. 

The  fresh  cut  surface  of  the  consolidated  area  has  a  coarsely  spongy 
appearance  which  is  explained  by  these  sections.  Viewed  with  a  lens  the 
sections  have  also  a  spongy  iq>pearance  and  the  coarser  openings  are  found 
to  be  the  ductuli  alveolares  which  contain  no  cellular  exudate  but  are 
spread  wide  with  fluid  and  lined  with  a  rather  thick  layer  of  hyaline 
material  which  does  not  take  the  Weigert  fibrin  stain  or  at  least  only  in 
part  The  intervening  air-cells  are  packed  with  an  exudate  of  polymor- 
phcmuclear  leucocjrtes,  mononuclear  cells  and  relatively  little  fibrin. 
To  the  unaided  eye  these  alveoli  look  opaque  and  form  the  separating 
walls  between  the  much  wider  ductuli  alveolares.  They  contain  sti^hylo- 
cocci  among  the  cells  of  the  exudate.  In  the  margins  of  the  areas  there  is 
no  real  zone  of  hasmorrhage  but  rather  one  of  hyperadmia.  Nevertheless, 
there  is  much  oedema  throughout  the  solid  part  and  many  of  the  alveoli 
within  the  consolidation  contain  an  exudate  composed  almost  wholly 
of  blood.  All  the  cells  of  the  exudate  are  very  well  preserved  and  even 
the  red  blood  corpuscles  maintain  their  outlines  perfectly.  The  hyaline 
material  is  not  limited  to  the  ductules  but  extends  in  some  cases  into  the 
alveoli  in  a  thin  layer.  The  consolidation  is  fairly  uniform  throughout 
the  affected  patches  and  even  where  the  staphylococci  occur  in  clumps  in 
the  air-cells  there  is  nothing  resembling  an  abscess. 

Case  6143.— U  W.  Age  38  years.  Onset  February  6»  1920,  with  acute 
illness  of  febrile  character.  The  patient  was  brought  to  the  hospital 
February  8  in  a  comatose  condition.  Temperature  100-101^  with  evidence 
of  consolidation  in  the  left  lower  lobe  and  beginning  consolidation  in 
the  right  lower  lobe.    Died  February  9.    Autopsy  nine  hours  after  death. 

Anatomical  DiagnoHs. — Confluent  lobular  pneumonia;  serofibrinous 
pleurisy;  rupture  and  luBmatoma  of  the  rectus  ai>dominis  muscles. 

Rectus  Muscles, — The  rectus  muscles  from  the  level  at  the  umbUicus  to 
the  pubes  are  greatly  distended  with  masses  of  extravasated  blood  coming 
from  a  large  tear  in  the  middle  of  the  muscle. 

The  left  pleura  contains  300  c.  c.  of  slightly  turbid,  straw-colored  fiuid. 
There  are  a  few  <dd  pleural  adhesions.    The  pleura  is  in  general  smooth. 

The  right  pleura  contains  also  300  c.  c.  of  slightly  turbid,  straw-colored 
fiuid.  In  its  posterior  portions  over  the  surface  of  the  lungs  there  is  a  thin 
fibrinous  exudate,  but  otherwise  the  surface  is  smooth. 

Left  Lung.— The  upper  lobe  anteriorly  is  pale  and  air-containing.  The 
posterior  and  inferior  aspects  of  the  upper  and  lower  lobes  are  bluish- 
red  in  color  and  present  numerous  nodular,  solid  masses.  On  section 
the  anterior  part  of  the  upper  lobe  is  air-containing  but  all  the  rest 
of  the  lung  is  dark  red,  spongy  in  texture,  elastic,  but  without  giving 
any  crepitation.  In  the  posterior  part  of  the  lower  lobe  there  are  numer- 
ous large,  dry,  red,  granular  elevated  areas  which  become  confiuent 
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A  f6w  similar  areas  are  found  in  the  posterior  part  of  tlie  upper  lobe. 
They  are  inelastic,  in  contrast  with  the  surrounding  moist  elastic  lung 
substance.  The  interlobular  septa  are  not  prominent.  The  teonchi 
contain  dark  brown  mucus.   The  bronchial  nodes  are  soft  and  not  enlarged. 

Right  Lung, — ^The  upper  lobe  and  the  anterior  part  of  the  middle  lobe 
are  air-containing;  the  surface  smooth  and  glistening.  The  lower  lobe 
and  the  posterior  part  of  the  middle  lobe  are  dark  red,  firm  and  elastic 
and  contain  no  air.  On  section  the  cut  surface  is  dark  red,  moist  and 
elastic  with  an  occasional  small,  elevated,  red,  granular  area. 

The  larynx  and  trachea  are  very  slightly  reddened. 

Cultures  from  the  lung  show  the  staphylococcus  aureus  in  pure  culture. 
No  oth^  organisms  were  found  in  the  smear. 

Microscopical  Examination.— The  surface  of  the  lung  shows  no  fibrinous 
exudate.  Indeed,  the  lining  cells  of  the  pleura  are  beautifully  preserred. 
The  pleural  membrane  and  the  interlobular  septa  are  widened  and  show 
numerous  wandering  cells  of  which  the  majority  are  rather  large  mononu- 
clears with  bluish-staining  protoplasm  and  a  round  yesicular  nucleus  with 
coarse,  deeply  stained  clumps  of  chromatin.  There  are  also  a  few  poly- 
morphonuclears in  this  framework.  The  bronchi  are  denuded  of  their 
epithelium  in  the  larger  branches;  in  the  smaller  the  epithelium  in  sheets 
lies  free  but  there  is  nothing  else  except  fluid  in  these  bronchioles.  The 
tissue  of  the  wall  of  the  bronchi  thus  exposed  is  not  necrotic  and  there  is 
relatively  slight  infiltration  of  the  bronchial  walls. 

The  ductuli  alveolares  are  extremely  wide  and  contain  coagulated  fiuid 
with  very  few  cella  There  is  a  very  distinct  lining  layer  of  hyaline 
material  whicdi  caps  especially  the  projecting  points  in  the  wall  and 
extends  even  into  the  alveoli.  Wherever  it  appears  it  overlies  the 
epithelium,  if  any  remains.  The  alveoli  are  also  in  many  places  greatly 
dilated,  although  in  others  where  they  are  most  filled  with  exudate  they  are 
normal  in  size.  Their  epithelium  is  in  many  places  desquamated  in  part, 
in  part  swollen  but  retained  upon  the  walL  The  ccmsolidation  is  a  very 
irregular  one,  none  of  the  ductuli  containing  any  cellular  exudate,  while  the 
surrounding  or  intervening  alveoli  are  loosely  or  more  densely  filled. 
Some  alveoli  in  great  groups  are  very  loosely  occupied,  and  at  its  d^isest 
the  exudate  is  rather  open  and  quite  fresh  and  well  preserved.  Some 
groups  of  alveoli  contain  a  large  proportion  of  red  corpuscles  but  in 
most  these  are  less  conspicuous.  A  delicate  network  of  fibrin  stretches 
through  them  and  there  are  rather  numerous  polymorphonuclear  neutro- 
philes.  There  are  also  many  of  the  small  sharply  outlined  cells  with  a 
solid,  deeply  stained,  round  nucleus.  These  have  neutrophilic  granules 
exactly  like  those  of  the  polymorphonuclears  and  seem  to  be  in  some  way 
related  to  them.  The  great  number  of  rather  large  mononuclear  leucocytes 
in  the  alveolar  exudate  is  striking.  These  are  basophilic  cells  with  a  large, 
round,  vesicular  nucleus  with  chromatin  in  dense  large  masses  but  no  very 
conspicuous  nucleolus  and  are  thus  easily  distinguished  from  the  epithelial 
cells,  which,  when  desquamated,  still  show  the  characteristic  nucleolua 
Painstaking  search  through  the  section  of  the  lung  firom  which  it  was 
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known  that  the  Bti^^hyloeoccas  aurens  was  cultiyated  revealed  only  four 
or  five  Oram-poBltiye  cocci  at  the  i^^pearance  of  Bti^^hylococci.  While 
it  is  thus  evident  that  staphylococci  were  there,  they  were  certainly  present 
in  very  small  numbers,  hardly  enough,  it  would  seem,  to  account  for  the 
pulmonary  lesion. 

In  phagocytic  cells  and  lying  free  in  the  alyeoli  there  are  many  minute 
irregular  bodies  apparently  with  a  chromatin  fleck  or  even  a  rather  dis- 
tinct nucleus.  These  lead  one  to  reflect  upon  our  dependence  upon  the 
regularity  of  form  of  everything  that  can  be  recognized  as  a  parasite. 
There  could  be  no  better  disguise  for  the  undiscovered  »tiological  agent 
of  influenza  than  some  such  irregularity  of  form  which  would  allow  it  to 
be  permanently  disregarded  and  considered  to  be  nuclear  debris. 

CSasb  6706. — ^Birs.  O.  S.  Aged  36  years.  Onset  on  September  28,  1918, 
with  a  shaking  chill  and  loss  of  a^tetite;  no  pain;  slight  cough.  Severe 
cough  on  September  29  with  scanty  sputum.  Admitted  to  hospital  Sep- 
tember SO.  Temp.  103*;  pulse  120;  resp.  28.  Dyspncea;  cyanosis;  no 
deflnite  dullness  over  the  lungs  but  many  moist  r&les.  Leucocsrtes  11,700. 
At  11.30  p.  m.  orthopnoea;  rapid  respiration  with  extreme  cyanosis;  coma. 
Still  no  areas  of  consolidation  present  Died  at  3^20  a.  m.  October  1. 
Autopsy  three  hours  later. 

AnatomUxa  Diagnosis. — OUnical  history  of  influenza  Confluent  lobular 
pneumonia,  bilateral;  chronic  mitral  and  tricuspid  endocarditis  with 
stenosis;  chronic  passive  congestion  of  the  lungs. 

The  left  pleura  contains  160  cc.  of  cloudy  yellowish  fluid  with  a  few 
small  particles  of  fibrin.  The  posterior  surface  at  the  lungs  shows  several 
small  patches  roughened  by  a  thin  layer  of  fibrin.  Elsewhere  the  surfaces 
are  glistening. 

Right  pleura  contains  100  cc  of  similar  fluid.  Surfaces  glistening 
except  for  a  few  small  patches  posteriorly  where  the  gloss  is  lost. 

Heart, — ^There  is  some  thickening  and  insufliciency  of  the  tricuspid 
valves  and  extreme  stenosis  of  the  mitral  valve. 

The  left  lung  is  voluminous;  the  bronchus  contains  a  thin,  frothy 
fluid,  and  its  mucosa  is  very  much  congested.  The  u^er  lobe  is  rather 
firm  and  elastic  and  on  section  is  extremely  moist,  dark  red,  very  spongy 
and  presents  patches  of  a  slightly  firmer  consistency  which  are  somewhat 
elevated  but  not  very  different  in  color.  The  lower  lobe  presents  little 
air-containing  tissue.  On  section  it  shows  a  somewhat  more  extensive  con- 
solidation that  that  of  the  upper  lobe.  The  cut  surface  is  a  dark  red  color, 
very  moist,  and  covered  by  a  thin,  turbid  fluid.  The  lymph  glands  at  the 
hilum  are  large  and  deeply  pigmented  with  numerous  small  caseous  foci. 

The  right  lung  is  also  heavy,  large,  and  rather  elastic.  The  upper  lobe  on 
section  shows  some  small  areas  which  are  slightly  promin^it  but  not 
markedly  distinguished  from  the  surrounding  tissue  by  their  color.  The 
cut  surface  is  very  moist  and  dark  red  and  markedly  q;K>ngy.  The 
anterior  porUcm  and  the  whole  mid-lobe  show  no  omsolidation  but  are 
very  (edematous.    The  lower  lobe  on  section  oozes  a  great  deal  of  frothy 
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fluid.  The  preyailing  color  of  the  cut  sorfaoe  is  dark  red.  There  can 
be  palpated  nomerous  rather  small  areas  of  firmer  texture  whidi  extend 
through  the  whole  lobe  and  inyolTe  more  than  half  of  its  substance. 
These  firmer  areas  are  also  moist  and  dark  red  in  color. 

The  mucosa  of  the  pharynx  is  deeply  congested.  The  tonsils  are  of 
moderate  size. 

Cultures  from  the  blood  were  negatiye.  Those  from  the  lung  showed 
a  hflsmolytic  streptococcus  and  a  doubtful  short  Oram-negatiye  bacillus. 

Microscopical  Examination. — ^There  is  marked  inequality  in  the  deyelop- 
ment  of  the  lesions  in  different  areas,  for  while  certain  patches  show  a 
definite  pneumonia  most  of  the  sections  reyeal  only  an  cedematous  condi- 
tion with  the  exudation  of  yery  few  leucocytes  and  red  corpuscles. 

The  pleura  is  not  altered  except  that  there  is  oedema  in  places.  The 
interlobular  septa  and  all  the  other  structures  belonging  to  the  framework 
of  the  lung  are  unchanged.  The  bronchi  show  some  desquamaticm  of  the 
epithelium  but  contain  only  coagulated  fiuid  with  a  few  cells.  The  ductuli 
alyeolaree  are  greatly  widened  and  lined  with  a  thick  hyaline  layer  which 
extends  far  into  the  alyeoli.  This  is  far  more  conspicuous  in  the  lung 
in  general  than  in  the  patches  of  pneumonia.  The  alyeoli  are  distended 
with  fiuid  with  little  or  no  fibrin.  Their  epithelium  is  not  especially 
altered,  although  many  alyeoli  contain  masses  of  pigmented  heart-failure 
cells  and  there  are  other  eyld^ices  of  chronic  passiye  congestion.  No 
bacteria  were  found  in  such  areas. 

The  more  definJH^ly  consolidated  areas  present  an  exudate  which 
is  yery  fresh  and  well  presenred  and  composed  of  a  delicate  network 
of  fibrin  with  numerous  red  corpuscles  and  a  few  polymorphonuclear 
leucocytes.  There  are  also  many  small  mononuclear  cells  with  d^is^y 
staining  solid-looking  small  round  nucleus  and  faintly  granular  eosin- 
staining  protoplasm.  These  are  such  cells  as  haye  been  described  before 
in  early  stages  of  pneumonia.  There  is  no  infiltration  of  the  walls  of 
bronchi  or  alyeolL 

Practically  no  bacteria  are  to  be  found  eyen  in  these  areas.  Most 
careful  search  oyer  seyeral  sections  showed  only  about  10  GramiK)6itiye 
cocci  in  pairs  or  short  chains.  These  look  like  pneumococd,  although 
nothing  was  found  in  culture  except  a  hemolsrtic  streptococcus. 

The  short  course  of  the  illness  and  the  freshness  of  the  tissue  make  it 
seem  that  this  material  is  eq[»ecially  valuable  in  approaching  the  unim- 
peded study  of  the  effects  of  epidemic  infiuensa  itself.  It  is  interesting 
that  in  the  areas  in  which  there  is  no  definite  pneumonic  exudate,  the 
hyaline  lining  of  the  ductuli  is  already  well  deyeloped  as  though  it  were 
the  product  of  the  infiuenza  process  itself  and  independent  of  bacteria. 
The  extreme  rarity  of  bacteria  will  probably  account  tor  the  yery  fresh 
character  ctf  the  pneumonia,  if  indeed  the  pneumonia  is  necessarily  to  be 
ascribed  to  bacteria. 

Cass  83.— €k  P.  Was  ill  for  three  dasrs  in  his  tent  with  headache,  pain 
in  the  neck,  weakness,  cough,  frequent  urination,  and  aching  in  the 
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lags  and  body.  Admitted  to  hoBpital  October  4, 1918,  with  Inereaeed  vocal 
fremltOB  In  the  back  and  front  of  chest  and  harsh  breath  sounds.  On 
October  9  there  was  s<Hne  dullness  with  r&les  over  both  backs  and  bron- 
chial breathing  at  the  right  base.  On  October  10  there  was  flatness  over 
the  right  base  behind  and  areas  of  dullness  over  the  left  back  at  the  basa 
Delirium  on  October  11.  Temperature  range  101-103.*  Pulse  90-120. 
Respu  20-48.    Died  October  12.    Autopsy  three  hours  later. 

Anatomical  Diagnosis. — Bilateral  confluent  lolmlar  pneumonia. 

Rectus  muscles  normal. 

The  left  pleura  contains  about  80  c  c  of  opalescent  fluid.  The  surfaces 
are  moist  and  glistening. 

The  right  pleura  contains  no  excess  of  fluid.  The  surfaces  are  In  general 
smooth  but  there  are  patches  of  opaque  brick  red  discoloration. 

Left  Lung. — ^Most  of  the  upper  lobe  Is  alrcontalnlng,  but  there  are 
lobular  areas  of  consolidation  (Fig.  10).  Practically  the  whole  lower  lobe  Is 
firm.  On  section  the  upper  lobe  shows  consolidated  areas  which  are  greyish 
red,  coarse  and  spongy  as  though  composed  of  thick-walled  air  cells  fllled 
with  fluid.  The  Interlobular  septa  and  bronchioles  In  each  lobule  are  con- 
spicuous. The  whole  lower  and  posterior  part  of  the  lower  lobe  Is  flrm, 
elastic,  extremely  moist  and  mottled  with  greyish  red  and  dark  red  areas. 
The  cut  surface  is  spongy  and  oozes  fluid  but  no  deflnlte  plugs  of  exudate 
are  seen.    Sections  through  the  anterior  portion  show  the  same  condition. 

Right  Lung. — ^The  upper  lobe  presents  two  large  masses  of  consolidation, 
one  In  the  anterior  upper  portion,  the  other  at  the  lower  margin,  pos- 
teriorly. The  posterior  part  of  the  mid-lobe  is  consolidated  and  practically 
the  whole  of  the  lower  lobe.  The  bronchial  glands  are  large»  moist  and 
soft  These  areas  of  consolidation  present  on  section  the  same  ai^»ear- 
ances  as  seen  In  the  left  lung.  The  bronchi  and  bronchioles  are  especially 
conspicuous  and  contain  a  little  muco-purulent  material. 

The  larynx  and  trachea  are  only  slightly  hyperamlc 

The  bone-marrow  Is  fatty  with  a  few  red  areas. 

The  sphenoid,  ethmoid  and  frontal  sinuses  were  examined  and  the  two 
latter  contained  a  somewhat  blood-stained  exudata 

The  brain  and  meninges  are  normaL 

Cultures  and  er^i  the  study  of  smears  from  the  lungs  were  unsatlsf^tc- 
tory.  A  Gn^-negatiye  coccus  was  found  in  smears,  but  nothing  grew  in 
culture.  Injected  Into  a  mouse  the  material  from  the  lung  caused  a  strep- 
tococcal Infectloh  In  the  heart  and  peritoneum  which  Is  not  to  be  relied 
upon.  Cultures  from  the  trachea  gave  the  bacillus  of  Pfeiffer  and  a 
pneumococcus.  Those  from  the  ethmoid  and  frcmtal  sinuses  gave  the 
Pfelfter  bacillus  and  staphylococci  or  streptococci. 

It  appears  that  the  only  trustworthy  evidence  as  to  the  pulmonary  infec- 
tions in  this  case  must  come  firom  smears  and  sections  of  the  lung  and  in 
these  a  large  Gram-negatlye  diplococcus  is  found  in  numbers  and  alone. 
It  seems  possible,  therefore,  that  the  organism  concerned  may  have  been  a 
meningococcus  although  the  meninges  were  normaL 
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Microscopical  Examination.— The  pleura  shows  little  alteratloa  from 
normal  except  areas  of  hemorrhage.  The  interlobular  septa  are  (edematous 
and  rather  wlda  The  lymphatics  are  greatly  distended  with  a  practically 
clear  fluid.  The  bronchioles  contain  a  purulent  exudate.  Their  epithelium 
is  intact,  their  walls  slightly  oedematous  and  infiltrated  by  a  few  wander- 
ing  cells  which  are  chiefly  rather  large  mon(»uclears  without  deflnite 
granules  in  the  protoplasm^  There  are  a  few  mast  c^ls  with  distinct 
basophilic  granulations.  Beycmd  this  there  is  no  alteration  of  the  frame* 
work  of  the  lung  and  the  alveolar  walls  are  practically  unchanged.  The 
ductuli  alveolares  are,  however,  greatly  dilated  with  fluid  containing  a  few 
leucocsrtes  and  their  walls  are  covered,  especially  over  projecting  points, 
with  the  hyaline  layer  so  often  described.  The  alveoli  contain  in  the 
more  densely  consolidated  portions  an  exudate  very  largely  made  up  of 
red  corpuscles.  It  is  closely  packed  and  there  is  little  flbrin  or  fluid. 
Near  by,  however,  in  the  less  densely  consolidated  part  there  is  much 
fluid  in  the  alveoli  and  polymorphonuclear  leucocytes  are  practically  the 
only  cells  present.  In  the  densely  packed  alveoli  there  are  relatively  few 
of  these  leucocytes — ^in  their  place  are  great  numbers  of  small  cells  such  as 
were  described  in  Case  82,  cells  about  9n  in  diameter  which  are  quite 
round  and  sharply  outlined,  red-staining,  slightly  larger  than  red  corpuscles 
and  with  Wilson's  stain  coloring  a  rose  pink  with  fine  granulations  in 
contrast  with  the  rather  orange  red  corpuscles.  They  c<mtain  a  small 
round  nucleus  whicdi  stains  a  dense  blue  black  and  shows  no  sign  of 
vesicular  structure.  With  iron  hematoxylin  and  Mallory's  connective- 
tissue  stain  these  cells  show  a  gray  blue  protoplasm  in  sharp  contrast 
with  the  orange  of  the  red  corpuscles,  but  they  are  quite  unlike  lympho- 
cytes. The  leucocjrtio  exudate  in  the  minute  bronchioles  is  loaded  with 
Gram-negative  cocci,  chiefly  intracellular  and  often  arranged  in  pairs  or 
in  groups  of  four.  These  are  hardly  to  be  found  in  the  alveolL  No  other 
bacteria  are  found. 

Case  226. — S.  O.  Admitted  in  coma  on  September  30,  1918,  and  died 
October  1,  1918,  without  having  refained  consciousness.  Temp.  103-104"*. 
Resp.  28-30.    Pulse  136.    No  further  history. 

Anatomical  Diagnosig, — Bilateral  confluent  lobular  pneumonia  toith  old 
pleural  adhesions  (right).    Excessive  coal  pigmentation  of  lungs. 

Rectus  muscles  iq>parently  normal. 

The  left  pleura  contains  about  300  c.  c.  of  brownish,  fairly  clear  fluid.  The 
surfaces  are  glistening  but  flecked  with  deep  purple  patdies  and  brown 
stains. 

The  right  pleura  shows  a  few  old  adhesions  over  the  apex  of  the  lung. 
It  contains  only  about  20  c.  c.  of  fluid  and  the  remaining  surfaces  are  smooth 
and  glistening  but  marbled  with  blackish  or  deep  purple  discolorations. 

The  left  lung  is  very  voluminous  and  heavy.  There  are  patches  of  air- 
containing  lung  on  the  upper  anterior  part  of  the  upper  lobe  and  the  ex* 
treme  anterior  border  of  the  lower  lobe.  All  the  rest  is  consolidated.  The 
upper  lobe  shows  deep  indentations  produced  by  <dd  scars  and  there  are 
corresponding  adhesiona 
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On  sectioa  there  is  an  extensiye  black  pigmentation  which  makes  it 
diflScult  to  distinguish  pneumonic  areas  bat  it  appears  that  there  are 
many  consolidated  areas  scattered  among  air-containing  tracts  and  patches 
of  induration  caused  by  the  anthracosis.  These  areas  of  consolidation  are 
spongy  and  coarse  as  though  formed  in  an  emphjnsematous  lung  and  show  no 
distinct  plugs.  The  same  condition  is  found  all  through  the  lung  even 
in  the  most  anterior  parts.  It  is  noteworthy  that  there  are  many  lobules 
sharply  outlined  by  the  interlobular  septa  in  which  there  is  no  pigment 
whatever. 

The  right  lung  shows  precisely  the  same  conditions  as  described  for  the 
left  The  upper  lobe  is  almost  entirely  filled  with  lobules  consolidated 
partly  by  pigmentation  and  partly  by  the  pneumonic  process.  The  bone* 
marrow  is  brown  and  gelatinous  but  fairly  firm. 

Cult%re»  show  in  both  lungs  a  hemolytic  streptococcus  together  with 
the  staphylococcus  albus;  in  the  pleura,  heart's  blood  and  pericardium 
a  pneumococcus.  The  spleen  is  negative  but  lungs  and  pleura  show  also 
a  Gram-negative  bacillus.  Smears  from  the  lung  show  only  round  Oram- 
negative  cocoL 

Microscopicai  Examination, — ^The  sectl<ms  of  the  lung  show  in  all  parts 
about  the  same  changes.  It  is  difficult,  on  account  of  the  great  amount  of 
coal  pigment  with  its  correiqN>nding  scarring  and  induration  of  the  lung, 
to  observe  clearly  the  more  recent  imeumonic  changes,  but  there  are  un- 
pigmented  areas  where  the  conditions  appear  clearly  in  certain  areas. 
The  pleura  is  pigmented  in  a  patchy  way  and  the  interlobular  s^ta  which 
are  spread  wide  by  accumulations  of  fluid  show  bands  of  pigment  along 
their  edges  in  the  adjacent  lung  tissue.  The  fluid  in  the  (edematous  septum 
itself  contains  none  and  the  broad  lymphatic  (diannels  are  quite  free 
from  it  The  consolidated  lung  is  closely  intermingled  with  the  scarred 
pigmented  area,  but  all  the  lung  substance  even  in  the  non-pigmented 
lobules  is  extremely  oBdematous  and  contains  little  air.  The  bronchioles 
and  ductules  are  extraordinarily  dilated  and  filled  with  fiuid.  The  due* 
tules  have  a  typical  thick  lining  of  hyaline  material  especially  laid  down 
over  the  mote  prominent  points.  The  epithelium  is  only  partly  desqua* 
mated.  The  alveoli  round  about  these  are  filled  with  a  very  fresh  exudate 
in  which  mononuclear  cells  are  very  prominent  and  polymorphonuclear 
leucocytes  rather  few.  The  red  corpuscles  are  well  preserved.  Of  the 
mononuclear  cells  there  are,  as  before,  large  irregular  cells  with  a  pale 
vesicular  nucleus  which  seem  to  be  desquamated  epithelial  cells,  large  and 
small  deeply  staining  mononuclears  with  basophilic  protoplasm  which 
aroear  to  be  polyblastic  wandering  c^s,  and  then  small  cells  about  the 
sise  of  red  corpuscles  with  small  solid  deeply  stained  green  and  gre^iish 
black  nucleus  and  red  finely  granular  protoplasm.  These,  of  course,  should 
be  comparable  to  lymphocytes,  but  when  they  are  contrasted  with  obvious 
lymphocytes  which  lie  nearby  in  the  bronchial  wall  it  is  seen  to  be  impossi- 
ble to  include  them  with  these.  I  have  had  the  suspicion  that  they  must 
be  normoblasts  since  their  staining  characters  are  exactly  those  of  nucle- 
ated red  corpuscles,  but  it  is  scHnewhat  difficult  to  accept  their  presence 
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in  an  inflammatory  exudate  in  the  lung.  The  eapillaries  are  little  if  at  all 
thromboeed. 

In  the  exudate  no  great  numbers  of  bacteria  are  to  be  found  except  in 
some  of  the  alveoli  where  there  are  many  cells  loaded  with  cocci.  These 
are  large  rounded  Gram-negative  coed  usually  in  pairs  but  often  dosely 
clumped  together  in  fours  or  larger  packets.  They  are  nearly  all  intra- 
cellular, enclosed  in  leucocytes  or  mononuclear  cells.  No  Oram-positive 
cocci  were  found. 

From  this  it  would  appear  that  the  predominant  organism  which  also 
appears  as  such  in  the  smears  from  the  lungs  was  missed  in  the  cultures 
which  yielded  staphylococci  and  streptococci  and  even  pneumococd. 

The  case  loses  its  value  to  a  great  degree  aa  this  aeoount,  but  it  is 
interesting  to  speculate  upon  its  nature.  It  suggests  itself  that  this  may 
be  a  meningococcus  whidi  failed  to  a^ear  in  culture  media  not  especially 
planned  for  it  or  where  other  less  abundant  bacteria  overgrew  it  The 
fact  that  the  man  was  comatose  when  admitted  and  until  his  death  sug- 
gests the  possibility  that  he  may  have  had  also  a  meningitis,  but  the 
head  was  not  opened.  In  any  case  the  lung  shows  the  most  beautiful 
example  of  the  hyaline  deposit  in  the  ductuli  and  it  is  interesting  that  the 
type  of  bacteria  concerned  does  not  seem  to  govern  the  M^raaranoe  of  that 
material. 

The  separation  of  this  group  of  cases  from  that  which  follows  is 
quite  arbitrary  and  depends  only  upon  the  presence  of  that  peculiar 
dilataticm  of  the  ductuli  alveolares^  with  a  hyaline  lining  deposit 
which  has  impressed  every  observer  in  the  examination  of  the  lungs 
of  many  of  the  persons  dying  in  the  epidemic  of  influenza.  Although 
this  lesion  is  associated  with  the  freshest  and  best  preserved  inflamma- 
tory exudate  in  the  lungs  and  usually  with  a  relatively  moderate  bac- 
terial infection  and  is  rarely  found  in  such  lungs  as  present  a  densely 
packed  exudate  of  partly  disintegrated  cells  with  enormous  numbers 
of  bacteria,  it  cannot  be  said  that  the  average  duration  of  the  disease 
is  shortCT  in  this  group  than  in  the  next.  In  both  death  occurred  after 
an  average  duration  of  ten  days.  It  is  an  unfamiliar  lesion  although 
it  has  been  found  also  in  the  lungs  of  persons  dying  after  exposure  to 
war  gases  and  in  those  of  some  animals  after  the  experimental  insuffla- 
tion of  certain  chemicals. 

If  we  group  the  cases  together  merely  on  the  basis  of  the  presence 
of  this  lesion,  it  is  found  that  the  group  is  far  from  homogeneous  as 
far  as  the  bacteria  are  concerned  and  in  many  instances  there  are  very 
few  bacteria  indeed,  so  that  it  requires  long  search  in  the  affected 
tissue  to  find  one.  Pneumoeocci  are  preponderant  in  most  of  the  cases 
and  are  sometimes  present  in  rather  large  numbers.    Sometimes  they 
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are  in  pure  culture,  sometimes  mixed  with  other  bacteria.  The  staphy- 
lococcus aureus  was  the  only  bacterium  in  one  case,  mixed  with  a  few 
influenza  bacilli  in  another.  In  the  freshest  case  of  all  (5706),  in 
which  death  occurred  three  days  alter  the  first  symptom,  the  lesion 
under  discussion  was  very  well  developed  although  only  an  occasional 
streptococcus  could  be  foimd  after  long  search.  Two  other  cases 
showed  the  presence  of  a  Gram-negative  coccus  which  may  have  been 
the  meningococcus. 

The  suggestion  readily  arises,  therefore,  that  this  lesion  may  be 
independent  of  the  secondary  bacterial  invaders  and  due  to  the  epi- 
demic disease  influenza  itself.  Tempting  as  this  hypothesis  is,  it 
is  far  from  being  proven,  although  the  early  stages  of  experimental 
pneumonia  produced  by  the  intratracheal  insufllation  of  pneumococci 
and  influenza  bacilli  show  nothing  of  such  a  lesion  (Blake  and  Cecil). 

The  lesion  itself  is  very  striking.  The  bronchioles  are  relatively 
unchanged  but  where  they  lose  their  cylindrical  epithelium  and  pass 
over  into  the  ductuli  alveolares  there  b^ns  a  marked  dilatation 
sufficient  to  produce  cavities  easily  visible  to  the  naked  eye  on  the 
cut  surface  of  the  limg  and  very  conspicuous  in  sections.  The  alveoli 
themselves  axe  scarcely  dilated  but  are  filled  with  a  fresh  exudate  of 
fluid  with  a  network  of  fibrin  and  blood  corpuscles  and  leucocytes 
which  are  relatively  few  but  in  a  perfect  state  of  preservation.  The 
dilated  ductule  is  filled  with  fluid  with  very  few  red  corpuscles  and 
scarcely  any  leucocytes  so  that  it  appears  in  the  fresh  lung  as  contain- 
ing a  rather  gelatinous  pink  clear  fluid.  The  projecting  septa  which 
mark  off  the  atria,  and  indeed  all  the  walls  of  the  ductule,  are 
covered  with  a  thick  layer  of  homogeneous  hyaline  pink-staining 
material  which  does  not  give  the  reaction  for  fibrin.  Usually  the  lining 
epithelial  cells  have  disappeared  but  occasionally  they  are  present  in 
remnants  buried  underneath  the  hyaline  layer.  In  most  cases  it  is 
evident  that  the  hyaline  layer  is  formed  over  the  surface  of  the  epi- 
thelial cells  and  in  one  (5726)  it  may  be  traced  for  a  long  distance 
over  relatively  unaltered  epithelium. 

In  few  cases  is  this  alteration  of  the  ductules  imiversal  and  in 
general  it  is  a  change  which  is  to  be  found  only  in  the  less  advanced 
areas  of  consolidation  and  is  not  recognizable  in  the  patches  of  dense 
exudate.  In  Case  224  the  change  in  the  whole  lung  is  so. homogeneous 
that  this  feature  is  found  everywhere.  In  Case  5706  it  is  most  evident 
in  areas  where  there  is  only  oedema  and  engorgement  but  practically 
12 
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disappears  in  the  patches  of  denser  consolidation.  So,  too,  in  Case 
223,  there  are  certain  zones  in  which  the  whole  picture  is  most  beauti- 
fully shown  while  in  the  other  parts  of  the  lung,  where  all  the  spaces 
are  packed  with  leucocytes,  the  ductuli  still  seem  rather  wide  but 
show  only  the  faintest  line  of  hyaline  material  which  cannot  be  dis- 
tinguished easily  from  the  abundant  fibrin  now  filling  the  lumen 
and  buried  among  leucocytes. 

When  we  turn  to  the  cases  of  the  next  group,  the  existence  of  such 
alterations  in  the  ductuli  could  never  be  suspected.  It  is  diflBcult 
even  to  outline  the  ductuli  and  there  is  no  sign  of  hyaline  lining — 
everything  is  packed  with  a  dense  cellular  exudate. 

From  this  it  might  be  argued,  on  the  one  hand,  that  the  lesion  is 
produced  by  the  invading  bacteria  or,  on  the  other,  that  it  is  a  specific 
product  of  the  epidemic  disease  influenza.  If  we  suppose  that  the 
bacteria  produce  it,  we  must  believe  it  to  be  the  effect  of  a  mild  infec- 
tion, since  it  appears  only  in  those  cases  in  which  there  are  rather  few 
bacteria,  or  in  the  outlying  zones  of  the  area  of  consolidation,  and  we 
must  suppose  that  an  intenscr  bacterial  infection  prevents  its  appear- 
ance or  later  obliterates  it.  Against  this  theory  stands  the  fact  that 
this  lesion  is  not  observed  in  the  pneumonias  that  occur  at  times  when 
there  is  no  epidemic  of  influenza  and  does  not  appear  even  in  the  early 
stages  of  those  experimental  pneumonias  produced  in  animals  by  the 
insufflation  of  the  bacteria  found  in  these  cases  into  the  trachea  (Blake 
and  Cecil). 

If  we  suppose  that  the  epidemic  disease  influenza  produces  the 
lesion,  we  must  recognize  the  fact  that  it  is  not  found  in  all  the  cases, 
even  though  all  of  the  patients  have  had  influenza.  Indeed,  some 
of  the  cases  in  which  the  gross  appearance  of  the  lungs  at  autopsy 
is  marked  by  the  characteristic  haemorrhagic  oedema  fail  to  show  this 
lesion  of  the  ductuli,  although  the  exudate  in  the  alveoli  is  quite 
fresh.  Those  lungs  in  which  bacteria  are  present  in  overwhelming 
numbers,  accompanied  by  a  dense  exudate  of  leucocytes  which  is 
closely  packed  and  much  disintegrated,  fail  to  show  this  lesion  and 
those  in  which  the  haemolytic  streptococcus  is  the  organism  which 
in  great  numbers  dominates  the  scene,  show  no  trace  of  it. 

Therefore,  apparently  we  may  surmise  that  the  rapid  development  of 
great  numbers  of  bacteria  tends  to  prevent  the  appearance  of  the 
lesion  or,  if  it  is  already  present,  to  destroy  it  by  removing  the  hyaline 
material  and  allowing  the  ductuli  to  contract  again  to  their  normal 
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size.  On  this  theory  the  bacteria,  when  too  few,  fail  to  disturb  it  and 
it  persists,  no  matter  what  the  character  of  these  sparsely  scattered 
organisms. 

The  question  cannot  be  answered  positively  with  our  present  infor- 
mation, but  it  must  be  evident  that  we  lean  to  the  theory  suggested  by 
Goodpasture,  that  this  is  a  lesion  specifically  related  to  the  influenza 
itself  and  not  to  the  secondary  bacterial  invasion.  That  it  is  a  process 
associated  with  considerable  injury  to  the  imderlying  tissue  is  shown 
not  only  by  the  usual  destruction  of  the  epithelial  cells  but  at  times  by 
the  thrombosis  of  the  capillaries  which  lie  directly  beneath  it. 

In  all  these  cases  emphasis  has  been  laid  upon  the  extreme  freshness 
of  most  of  the  exudate  which  presents  iteslf  in  the  lung  at  autopsy  as  an 
intensely  haemorrhagic  fluid  easily  escaping  in  large  quantity  from 
the  cut  surface  and  generally  accompanied  by  a  delicate  network  of 
fibrin  not  sufficient  to  confer  on  the  lung  tissue  anything  more  than  a 
moderate  increase  in  its  elastic  consistency.  In  the  cases  in  which  this 
form  of  exudate  is  present  alone  and  in  which  there  are  no  areas  of 
denser  consolidation,  it  is  rather  difficult  to  be  sure  that  there  is  really 
any  consolidation,  although  the  associated  pleural  and  other  haemor- 
rhages, the  congestion  of  the  bronchial  mucosa  and  the  distention  of 
the  lymphatics  in  the  pleura  and  interlobular  septa,  make  it  fairly 
obvious. 

In  the  exudate  itself  the  extremely  good  state  of  preservation  of  the 
freshly  emigrated  cells  make  it  possible  to  stain  sharply  whatever 
granules  are  present  with  the  aid  of  such  stains  as  Wrights  or  Wilson's. 
The  large  proportion  of  mononuclear  wandering  cells  in  the  intra- 
alveolar  exudate  is  especially  striking  and,  indeed,  in  some  cases  the 
distinctly  recognizable  polymorphonuclear  leucocytes  seem  to  be  rather 
in  the  minority.  Many  of  the  mononuclear  cells  are  somewhat  larger 
than  lymphocytes  with  a  relatively  large  vesicular  nucleus  with  deeply 
stained  chromatin  clumps  and  bluish  cytoplasm.  These  we  have 
interpreted  as  belonging  to  the  group  of  lymphocytes  with  their  later 
modification.  They  are  often  to  be  found  in  the  substance  of  the 
tissue  especially  about  the  bronchioles  and  small  vessels  where  they 
occasionally  come  to  resemble  plasma  cells.  Cells  with  distinctly 
basophilic  granules  in  the  cytoplasm  are  rare.  They  are  sometimes 
found,  especially  in  the  meshes  of  the  tissue,  but  probably  not  more 
frequently  than  in  a  normal  lung.  Epithelial  ceUs  from  the  alveolar 
walls  undoubtedly  drop  off  into  the  exudate  and  become  rounded.    It 
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seems  possible  to  recognize  these  by  their  very  distinct  nucleolus  and  it 
appears  that  they  do  not  form  any  very  great  proportion  of  the  cells 
present. 

Most  abundant,  however,  is  another  cell  which  has  been  menticmed 
with  varying  hypotheses,  in  the  description  of  each  case.  This  is  a 
small  cell  only  slightly  larger  than  a  red  corpuscle,  quite  round  and 
sharply  outlined  with  a  single  small  round  nucleus  which  stains  solidly 
black  or  bluish  black  or  green,  and  with  its  cytoplasm  filled  with 
neutrophile  granules.  Such  cells  are  always  present  in  the  exudate 
of  the  cases  of  short  duration  and  sometimes  outnumber  the  poly- 
morphonuclear leucocytes.  They  have  not  been  observed  to  act  as 
phagocytes,  but>  although  we  have  entertained  many  theories  about 
tbem,  it  seems  most  probable  that  they  belong  to  the  developmental 
stages  of  the  polymorphonuclear.  They  seem  to  correspond  with 
the  **  pseudolymphocyte '*  described  by  Ehrlich  as  a  degenerative 
form  of  the  leucocyte  or  an  incompletely  developed  transition  from  the 
myelocyte.  Naegeli  mentions  these  as  occurring  in  severe  infections 
and  sometimes  in  the  blood  of  children.  These  are  vague  statements 
and  it  is  diiSScult  to  conceive  of  these  cells  as  representing  degenerations 
of  completely  formed  polymorphonuclear  leucocytes.  It  seems  more 
plausible  to  regard  them  as  abortive  attempts  at  the  formation  of 
polymorphonuclears  from  myelocytes  and  to  explain  their  appearance, 
in  such  numbers  and  in  such  perfect  and  characteristic  form,  as  repre- 
senting the  type  of  cell  produced  in  an  emergency  which  called  for 
great  numbers  of  neutrophile  leucocytes.  This  is  a  matter,  however, 
which  requires  further  study  and  little  more  can  be  done,  here  than  to 
point  out  their  extraordinary  abundance  especially  in  the  early  stages 
of  the  pneumonia  and  to  emphasize  the  fact  that  they  are  by  no  means 
irregular  structures  such  as  might  be  expected  if  they  represented  the 
products  of  degeneration  of  some  other  cell. 

The  exudate  in  some  of  the  cases,  as  for  example  in  223,  has  brought 
about  a  peculiar  condition  in  the  alveolar  walls  which  seems  to  make 
very  plain  the  fact  that  a  delicate  structureless  membrane  upon  which 
the  epithelial  cells  lie  may  be  lifted  away  on  each  side  from  the  central 
meshwork  of  capillaries.  Leucocytes  and  fluid  accumulate  between  the 
capillaries  and  this  membrane,  and  cause  an  enormous  swelling  of  the 
wall.  In  this  instance  the  epithelial  cells  have  been  desquamated  and 
the  membrane  is  partly  covered  by  the  hyaline  layer. 
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Several  of  the  eases  in  this  and  in  the  following  groups  present  also 
a  peculiar  appearance  in  the  pleural  membrane  which  we  have  not 
encotmtered  except  in  this  epidemic.  The  surface  of  the  lung  may  be 
smooth  and  glistening  over  most  of  its  extent  but  discolored  in  places 
by  large  irregular  patches  of  a  dull  red  stain  resembling  red  paint. 
This  is  found  to  be  caused  by  the  extravasation  of  blood  in  the  crevices 
of  the  superficial  layers  of  the  pleural  membrane.  In  the  same  cases 
there  are  often  founds  as  in  222^  223,  82,  etc.,  small  discrete  or  con- 
fluent rounded  patches  which  are  smooth,  convex,  slightly  elevated  and 
of  a  pale  grayish  brown  color,  like  coffee  with  cream.  These  oa  section 
prove  to  be  almost  solid  accumulations  of  pneumococci  in  the  sub- 
stance of  the  pleural  membrane.  They  are  associated  with  a  more 
diffuse  distribution  of  these  bacteria  in  the  pleura  at  large  and  also  in 
the  interlobular  septa. 

Gboup  2. — Cases  terminating  fatally  with  great  numbers  of  pneumo- 
cocci in  the  lung  and  elsewhere,  and  ivith  a  diffuse  pneumonic  consoli- 
dation in  which  the  peculiar  changes  in  the  ductvii  are  masked  or 
absent. 

The  following  group  of  cases  is  also  far  from  being  homogeneous 
in  the  details  of  the  gross  and  histological  changes  in  the  lungs  or  even 
in  the  character  of  the  bacteria  present,  but  the  cases  may  properly  be 
brought  together,  inasmuch  as  the  predominant  organism  in  each  was 
the  pneumococcus  and  inasmuch  as  the  general  character  of  the  pul- 
monary change  was  uniform.  In  these  the  durati(m  of  the  illness  which 
led  to  death  was  practically  the  same  as  that  in  the  preceding  group, 
but  bacteria  are  present  in  the  tissue  in  far  greater  quantities  and  in 
accord  with  this  it  is  f otmd  that  the  bronchioles  and  alveoli  are  packed 
vnth  a  dense  cellular  exudate.  They  differ  from  the  preceding  group 
only  in  the  intensity  of  the  bacterial  infection  and  the  corresponding 
reaction  except  in  that  they  do  not  present  the  dilatation  of  the  ductuli 
vnth  hyaline  lining  upon  which  that  group  was  collected. 

Cask  216. — F.  B.  M.  Onset  September  12,  1918,  with  frontal  headache, 
cough,  anorexia,  fainting,  chiUa  and  pain  in  the  abdomen.  No  epistaxis, 
nausea  or  v<»niting.  The  patient  entered  the  hospital  September  24  in  a 
subconscious  condition.  Temp.  IDS'*,  pulse  104,  req[>.  26.  Drowsiness  and 
dyspnoBa.  Conjunctiva  Jaundiced,  mouth  foul,  lips  cyanotic.  Throat  slightly 
inflamed.  Dullness  from  the  6th  interspace  to  the  lower  axlUa  with  hyper- 
resonance  between  the  2d  and  5th  rib  on  the  left  sida  On  the  right  there 
is  dullness  over  the  bade,  with  iMronchial  breathing  and  r&les. 
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ni/vMl  nn%uLt DiffertntUl  count 

BlOOa  VOWM,—  Leucocytes      Polym.       8.  M.         L.  M.         Tr. 

September  28 8000  59  32  5  4 

September  25  . , 8800  79  10  4  7 

September  26 10400 

September  27 8350 

Died  September  27  at  7.30  p.  m.    Autopsy  September  28  at  4.50  p.  m. 

Anatomical  DiagnoaU, — Bilateral  confluent  lobular  j^neumonia.  Bilateral 
flhrinopurulent  pleurisy  toith  old  adhesions.    Hyperplasia  of  hone-marroto. 

The  left  pleural  cavity  contains  200  c.  c.  of  thick  turbid  fluid.  The  sur- 
faces are  covered  with  a  loose,  rather  slimy  exudate  of  fibrin  which  is 
thick  between  the  lobes  and  on  the  mesial  and  diaphragmatic  surfaces  but 
readily  slips  off,  showing  numerous  haemorrhages  on  the  reddened  surface. 

The  right  pleural  cavity  is  partially  obliterated  by  old  adhesions.  In 
the  upper  portion  there  is  a  free  area  which  contains  a  little  thick  turbid 
brownish  fluid  and  is  lined  with  a  thin  fibrinous  exudate. 

Left  Lung, — ^The  upper  lobe  is  air-containing  except  for  the  part  which 
adjoins  the  interlobular  cleft  where  there  is  a  uniform  area  of  consolida- 
tion  of  a  dark  greyish  red  color,  each  alveolus  containing  an  opaque  plug 
of  exudate.  The  lower  lobe  appears  to  be  almost  entirely  consolidated  and 
presents  a  quite  different  appearance.  It  is  mainly  occupied  by  a  large 
area  of  complete  consolidation  which  is  pretty  sharply  outlined  although 
it  is  surrounded  by  a  somewhat  less  definitely  consolidated  portion.  This 
area  is  almost  white,  although  there  is  a  large  dark  red  patch  in  the  centre. 
It  resembles  more  a  carcinomatous  mass  than  a  pneumonic  consolidation. 
The  lowermost  part  of  the  lung  is  lees  firmly  consolidated  and  is  dark 
greyish  purple  with  much  evidence  of  collapse.  There  is,  however,  em- 
bedded in  it  and  bulging  from  the  diaphragmatic  surface  a  round  nodule 
of  the  same  light-colored  firm  consolidation.  The  bronchi  are  dark  red 
and  exude  a  thick  opaque  fiuid. 

The  right  lung  is  blue  and  heavy.  The  whole  posterior  portion  of  the 
upper  lobe  is  consolidated  (practically  none  of  the  middle  lobe),  and  the 
whole  lower  portion  of  the  lower  lobe  (Fig.  11).  A  large  mass  projects  from 
the  diaphragmatic  surface  which  is  firm  and  very  pale.  On  section  the 
uppermost  part  of  the  upper  lobe  is  found  to  be  air-containing,  the  lower 
part  forming  a  mass,  about  7  cm.  in  diameter,  which  is  firm  and  in  general 
dark  greyish  red  with  some  central  white  patches.  The  lower  lobe  shows 
some  of  these  dense  greyish  red  areas  of  consolidation  surrounded  by  a  zone 
of  collapse,  but  the  greater  portion  of  it  ia  occupied  by  a  densely  consoli- 
dated area,  the  outer  part  of  which  is  nearly  white,  while  the  central  part  is 
deep  purple  and  slightly  sunken  below  the  level  of  the  rest  of  the  consoli- 
dated tissue.  The  bronchi  are  deeply  reddened  and  sometimes  contain 
moulds  or  casts  of  fibrin.  The  larynx  is  not  inflamed;  the  vocal  cords  are 
intact. 

Cultures  from  the  autopsy  showed  Pneumococcus  Type  IV  in  the  lungs, 
pleura  and  heart's  blood.    Those  from  the  spleen  and  pericardium  were 
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negatiye.  A  BtaphylococcoB  was  also  found  in  the  right  pleura.  No  in- 
fluenza bacilli  were  found. 

MicroscopicaJ  Examination. — The  pleural  surfaces  of  the  left  lung  are 
deyold  of  covering  cells,  but  the  fibrinous  exudate  has  disappeared.  The 
pleura  itself  is  infiltrated  with  blood  and  in  places  with  leuoocytes.  The 
interlobular  septa  are  not  prominently  thickened  and  contain  relatively 
few  wandering  cells.  Nor  are  the  bronchial  walls  or  blood-vessels  markedly 
infiltrated.  Occasional  blood-vessels  can  be  found  in  which  the  endothelium 
is  lifted  up  by  accumulations  of  leucocytes  and  in  places  the  outer  walls 
and  those  of  the  bronchi  contain  a  few  mononuclear  wandering  cells.  The 
bronchi  show  almost  eversrwhere  an  extensive,  if  not  complete,  desquama- 
tion of  the  epithelium.  The  walls  are  not  thickened.  The  lumen  contains 
a  mass  of  purulent  exudate  with  little  blood.  Some  bronchi  are  plugged 
with  dense  fibrinous  masses  which  extend  a  long  way  and  form  a  mould 
of  the  lumen. 

The  areas  of  consolidation  are  uniform  in  character  except  that  the 
marginal  portions  are  deeply  hsemorrhagic,  while  the  more  central  portions 
are  densely  packed  with  leucocytes  without  admixture  of  blood.  A  typical 
condition  is  found  in  sections  which  pass  through  the  marginal  part  of 
one  of  the  large  white  areas.  The  deeper  alveoli  are  widely  distended  by 
being  filled  with  the  densest  possible  exudate  of  leucocytes,  most  of  which 
are  fragmented,  with  fine  granular  dust  of  nuclear  material,  although  a 
great  many  are  still  well  preserved.  There  is  a  network  of  fibrin  which  in 
some  places  is  fairly  dense,  in  others  delicate  and  fibrillar.  The  alveolar 
walls  are  stretched  out  thin,  devoid  of  epithelium  and  almost  entirely 
empty  of  blood.  They  do  not  appear  to  be  necrotic  and  no  hyaline  thrombi 
are  found.  The  cells  contain  pneumococci  and  a  great  many  of  these 
organisms  are  scattered  free.  Most  of  them  still  stain  well  and  there  is  no 
such  extreme  phagocytosis  as  is  visible  in  some  other  cases  and  even  in 
the  smaller  foci  of  consolidation  in  this  case.  No  other  organisms  are  to 
be  found  in  these  densest  areas  of  consolidation.  As  one  passes  into  the 
margin  of  the  area  the  exudate  becomes  less  densely  packed  and  the  alveolar 
walls  less  stretched.  The  exudate  looks  fresher  and  the  cells  better  pre- 
served. Bacteria  disappear  almost  completely,  but  enormous  numbers  of 
red  corpuscles  are  present,  often  agglutinated  into  small  masses  in  the 
alveoli.  There  is  no  evidence  of  rupture  or  necrosis  of  the  alveolar  capil- 
laries which  are  distended  with  blood.  The  contents  of  the  bronchi  show 
numerous  pneumococci,  many  of  which  are  enclosed  in  leucocytes  and 
have  lost  their  positive  Gram-staining.  There  are  also  rather  numerous 
minute  organisms  in  these  leucocytes  which  are  Qram-negative  and  occa- 
sionally rod-shaped.  They  are  rather  too  plump  to  be  infiuenza  bacilli. 
Since  no  infiuenza  bacilli  were  recognized  in  culture  or  smear,  I  incline  to 
the  idea  that  these  are  partially  digested  remains  of  pneumococci.  Practi- 
cally none  of  them  are  free  and  they  differ  in  appearance  from  the  infiuenza 
bacillus  in  their  form  and  in  their  arrangement  None  of  these  have  been 
found  in  the  alveolar  exudate. 
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In  addition  to  the  pneomooocci  and  these  doubtful  organisms  resembling 
influenza  bacilli,  there  are  in  the  bronchi,  and  in  the  alyeoli  in  oertain 
limited  areas  of  the  consolidated  tissue,  great  numbers  of  large  gram- 
positire  bacillL  These  are  as  large  as  the  gas  bacillus  of  Welch,  stain 
irregularly  and  have  slightly  rounded  ends.    Their  nature  is  unknown. 

The  histological  conditions  in  the  right  lung  are  practically  identical 
with  those  in  the  left 

The  other  organs  show  no  definite  abnormalities. 

Cask  217.— F.  M.  Onset  on  September  6,  1918,  with  headache,  fever  and 
chills.  On  September  10  cough  with  blood-stained  sputum.  Entered  the 
hospital  September  18,  and  on  September  22  there  was  flatness  and  bron- 
chial breathing  over  the  left  lower  lobe  with  increased  vocal  fremitus, 
cyanosis  and  dyspnoea,  throat  dryness  and  congestion  of  the  throat,  reso- 
nance impaired  on  both  sides  behind.  On  September  27  emphysema 
developed  over  the  neck  and  supraclavicular  fossae,  and  before  death  the 
crackling  had  extended  down  over  the  chest    Died  September  29  at  4  a.  m. 

Ri/wl  ffnvAti Differentitl  count 

BlOOa  UOUnt.—  Uucocjtet     Polym.         S.  M.         L.  If.    Tr. 

S^tember  23 4500  76  14  10 

September  25 3600  79  8  13 

September  26 2700  60  31  9 

September  27 4500  80  15  5 

Autopsy  six  hours  after  death. 

Anatomical  IHagno$i9,—BikUeria  conlluent  lolmlar  pneum<mia.  Hxmwr- 
rhoffio  pBeudamembramauM  UttyngitU,  Subcutaneout  and  generalized 
emphysema. 

There  are  no  external  alnrasions  or  wounds.  The  neck  is  greatly  swollen 
and  this  swelling  extends  up  on  the  cheeks,  especially  on  the  left  side  and 
down  over  the  front  of  the  chest  where  the  subcutaneous  tissue  craddes 
on  pressure.  The  skin  of  the  whole  flank  on  the  left  side  is  ballooned  up 
with  gas  and  there  is  a  similar  but  less  extensive  emphysema  of  the  right 
side.  The  legs  and  external  genitalia  are  not  emphysematous.  The  ab- 
dominal organs  show  no  abnormalities,  but  the  diaphragm  is  emphy- 
sematous. 

Left  Pleural  Cavity,— -All  the  mediastinal  tissues  are  puffed  up  with 
bubbles  of  gas  and  hang  like  froth  from  the  outer  surface  of  the  pericar- 
dium in  the  pleural  cavity.  The  cavity  contains  100  c.  c.  of  brownish  fluid. 
The  surfaces  are  smooth  but  stained  with  a  characteristic  brick-red  stain 
over  the  ilrm  lower  lobe.  There  is  emphysema  of  the  interlobar  and 
interlobular  tissue. 

The  right  pleural  cavity  contains  no  excess  of  fluid;  the  surfaces  are 
smooth  and  glistening,  but  there  is  marked  emphysema  of  the  interlobar 
tissue  and  of  the  interlobular  septa. 

The  heart  in  general  is  normal;  the  myocardium  is  not  emphysematous 
and  the  blood  not  markedly  laked. 
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Left  Lung, — ^The  upper  lobe  is  air-containing  in  the  upper  and  anterior 
portions,  but  there  are  some  firm  areas  in  the  lower  posterior  part  The 
lower  lobe  is  really  air-containing  only  in  the  lower  anterior  marginal 
portion.  The  rest  is  heavy,  flabby  and  fairly  firm,  but  not  rigid  or  hard. 
Insufflation  sends  a  little  air  into  the  superficial  part  of  this  consolidated 


On  section  the  solid  patch  in  the  upper  lobe  is  fairly  uniform,  dark 
greyish  red,  much  elCTated  and  with  prominent  alveolar  plugs  of  exudate. 
The  lower  lobe  shows  a  very  rough  cut  surface  because  it  is  studded  with 
groups  of  projecting  yellow  plugs  of  exudate  which  are  usually  surrounded 
by  haemorrhages.  In  this  respect  the  consolidation  resembles  that  in 
Case  215,  since  there  are  many  small  discrete  patches  which  represent  the 
consolidation  of  a  few  alveoli,  each  patch  being  separately  surrounded  by 
'  haemorrhage. 

The  right  lung  is  voluminous  and  heavy.  The  anterior  part  of  the  upper 
lobe  seems  to  be  air-containing  although  one  can  feel  nodules  throughout  it. 
The  posterior  part  is  depressed,  blue  and  solid.  The  mid4obe  is  air- 
containing  throughout  The  lower  lobe  in  its  anterior  part  is  air-containing. 
The  posterior  part  is  firm. 

On  section  the  upper  lobe  shows  in  its  lower  mesial  portion  a  fairly 
uniform  greyish  red  consolidation.  This  area  is  spongy  and  the  terminal 
bronchioles  stand  open  as  spaces  filled  with  fiuid  but  without  distinct  plugs 
of  exudate.  The  consolidation  has  reached  differ^it  stages  in  neighboring 
lobules  and  in  some  of  those  which  are  sharply  outlined  the  exudate  seems 
paler  and  denser^  but  even  these  are  still  spongy.  The  lower  lobe  contains 
a  large  irregular  central  and  posterior  conglomeration  of  groups  of  lobules 
which  are  consolidated.  They  are  dark  greyish  red  and  stand  up  above  the 
surrounding  aircontaining  lung.  They  contain  no  air,  but  there  are  no 
distinct  projecting  plugs  of  exudate.  Instead,  each  terminal  bronchiole 
or  ductulus  alveolaris  is  filled  with  a  reddish  fluid.  The  areas  are  therefore 
distinctly  spongy  and  not  rigid,  although  elastic  and  fairly  finn.  The 
interlobular  septa  are  normal.  The  bronchi  are  not  especially  reddened, 
but  contain  a  frothy  fiuid  which  is  not  noticeably  purulent  in  character. 

Organs  of  the  Neck, — ^The  uvula  and  epiglottis  are  swollen,  reddened  and 
covered  with  an  opaque  bran-like  material.  The  whole  lining  of  the  larynx 
is  similarly  swollen  and  reddened  and  the  vocal  cords  touch  the  false  cords 
obliterating  the  space  between.  They  are  all  covered  with  the  same  opaque 
bran-like  material  which  also  adheres  to  the  mucosa  of  the  trachea  below. 
Still  further  down  the  trachea  is  reddened  and  there  are  points  of  haemor- 
rhage and  little  adheroit  flecks  of  opaque  yellow  materiaL 

Cultures  were  not  taken  at  the  autopsy. 

Microscopical  Examination, — Sections  through  various  areas  of  consoli- 
daticm  in  the  lungs  show  essentially  the  same  type  of  alteration.  The 
pleura  is  not  thickened  and  only  slightly  infiltrated  in  patches  with  Mood. 
The  interlobular  septa  are  narrow  and  inconspicuous.  The  bronchi  are 
filled  with  a  closely  packed  exudate  of  leucocytes  with  some  fibrin.  Their 
epithelial  cells  are  in  part  desquamated  and  the  walls  show  a  few  wander- 
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Ing  leucocytes.  In  the  case  of  some  of  the  very  small  bronchioles  the  epl- 
thelimn  is  all  lost  and  the  wall  is  densely  penetrated  by  elongated  nuclei 
of  leucocytes  which  appear  to  have  been  caught  in  the  act  of  wandering. 
The  endothelium  of  the  blood  vessels  is  sometimes  lifted  up  by  leucocytes, 
but  in  general  there  is  no  especial  infiltration  of  the  framework  of  the 
lung.  Neyertheless  in  places  the  septa  and  even  the  lung  substance  itself 
are  torn  apart  by  accumulations  of  gas  or  air.  No  reaction  and  no  necrosis 
is  visible  in  the  edges  of  these  bubbles  and  no  gas  bacilli  can  be  found 
there.  The  exudate  in  the  lung  substance  is  not  entirely  homogeneous,  but 
in  places  occurs  in  patches  with  the  central  bronchiole  full  of  exudate 
surrounded  by  a  group  of  alveoli  filled  with  leucocytes  in  the  more  central 
region  and  with  blood  at  the  periphery.  In  the  larger  areas  there  are 
patches  in  which  the  alveoli  are  especially  densely  packed  with  leucocytes. 
On  section  these  appear  as  the  more  blue-stained,  solid  areas  separated  by 
spongy  and  hsemorrhagic  tissue.  When  viewed  with  a  lens  it  is  seen  that 
the  ductuli  alveolares  stand  wide  open,  giving  the  whole  area  a  spongy 
appearance.  They  contain  only  coagulated  fiuid.  When  closely  examined 
the  alveolar  walls  are  found  to  be  stretched  and  ansemic,  but  nowhere 
necrotic.  The  exudate  in  the  more  central  alveoli  is  composed  of  leucocytes 
and  desquamated  epitheliunL  These  are  very  much  disintegrated  and 
ragged.  In  the  peripheral  alveoli  in  each  of  the  confluent  patches  the 
leucocytes  are  fewer  and  better  preserved  and  there  is  an  abundance  of  red 
corpuscles.  There  are  occasional  groups  of  alveoli  in  the  walls  of  which 
leucocytes  are  very  numerous,  stretched  out  into  bizarre  forms  as  though 
wandering. 

The  alveolar  and  bronchial  exudate  contains  practically  no  bacteria 
except  pneumococci.  These  are  very  clearly  recognizable  by  their  form 
and  staining.  In  the  more  central  and  densely  consolidated  alveoli  the 
pneumococci  show  advanced  disintegrative  changes;  polar  staining,  swell- 
ing, fragmentation  and  reduction  to  dust-like  particles  leave  hardly  any 
of  them  well  preserved.  No  influenza  bacilli  can  be  found  anywhere.  In 
some  of  the  larger  bnHichioles  there  are  very  many  large  Gram-positive 
bacilli  with  rather  square  ends.  These  are  of  about  the  size  and  shape  of 
gas  bacilli,  but  since  they  do  not  occur  especially  in  relation  to  the  inter- 
stitial bubbles  of  gas  it  is  difficult  to  interpret  them  as  such.  In  contrast 
to  the  findings  in  Case  213,  which  were  distinctly  due  to  infection  with 
Welch's  gas  bacillus,  the  tissue  in  this  case  is  nowhere  necrotic,  there  is 
no  laking  of  the  blood  and  such  gas  as  escaped  at  the  autopsy  would  not 
ignita 

It  seems  probable,  therefore,  that  this  case  of  interstitial  emphysema 
was  due  to  the  mechanical  introduction  of  air  into  the  tissue,  as  has  been 
so  often  observed. 

Case  225. — ^E.  A.  Began  on  September  24, 1918,  to  feel  ill  with  headache, 
cough,  backache  and  general  aching  of  the  bones.  Admitted  to  hospital 
September  26.  On  September  29  slight  dullness  and  crepitant  r&les  over 
right  lung  in  front  and  back.    Respiration  labored.    Not  delirious.    Temp. 
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10M02*'.  Pulse  120-140.  Resp.  48-60.  Died  October  1,  1918.  Autopsy  two 
hours  after  death. 

Anatomical  Diagnosis, — Bilateral  confluent  lobular  pneumonia.  Old 
pleural  adhesions  (left) ;  hyperplasia  of  bone-marrow;  horseshoe  kidney. 

Rectus  muscles^,  normal. 

The  left  pleural  cavity  is  partly  obliterated  by  old  adhesions,  the  inter- 
stices of  which  are  filled  with  about  50  c.  c.  of  clear  fiuld. 

The  right  pleural  cavity  contains  about  5  c.  c.  of  rather  turbid  brown 
fluid.  The  surfaces  are  smooth  and  glistening,  but  deep  blue  in  the  pos- 
terior part  and  discolored  with  patches  of  dark  red  opaque  blood-stain. 

The  left  lung  is  everywhere  roughened  by  old  adhesions  which  are  coarse 
and  especially  thick  between  the  diaphragmatic  surface  and  the  diaphragm, 
where  they  are  distended  with  fluid  and  form  a  gelatinous  mass. 

The  upper  lobe  is  air-containing  in  its  upper  and  anterior  portion,  but 
the  lower  posterior  part  is  firm»  studded  with  haemorrhages  and  rendered 
irregular  by  projecting  masses  over  which  there  is  a  dull  paint-like  dark 
red  stain.  The  lower  lobe,  except  for  the  lowermost  margin,  seems  com- 
pletely consolidated;  is  also  flecked  with  hsemorrhages  and  presents  promi- 
nent nodules. 

On  section  the  upper  lobe  shows  several  patches  of  uniform  consolidation 
about  3  cm.  in  diameter,  occasionally  reaching  the  surface.  These  are 
spongy,  moist,  greyish  red,  with  wide  ductuli  containing  only  fluid  except 
in  a  few  small  patches  where  opaque  plugs  project 

The  lower  lobe,  which  is  completely  consolidated,  is  mottled  with  dark 
red  and  lighter  greyish  red  patches.  All  of  these  exude  quantities  of  fluid 
and  especially  in  the  darker  patches  show  a  coarse  spongy  structure  full 
of  fluid.  The  lighter  patches  show  a  few  opaque  projecting  plugs.  The 
connective-tissue  framework  is  normal. 

The  bronchial  glands  are  enlarged,  grey  and  moist 

Right  Lung, — The  upper  lobe  is  consolidated  behind,  showing  several 
large  masses;  anteriorly  and  at  the  apex  it  is  air-containing.  The  middle 
lobe  shows  two  large,  flrm  masses  posteriorly;  the  anterior  part  is  air- 
containing.  The  lower  lobe  is  entirely  consolidated  posteriorly,  its  anterior 
portion  air-containing. 

On  section  the  upper  lobe  contains  large,  irregular,  red  spongy,  moist 
patches  which  are  flrm«  elastic,  pit  on  pressure  and  exude  a  quantity  of 
fluid  and  blood,  but  show  no  opaque  plugs.  They  are  especially  dark  in 
color  in  this  lung.  The  middle  lobe  contains  a  similar  dark  red,  spongy, 
moist  area.  The  lower  lobe  shows  in  its  posterior  portion  the  same  dark 
red  (edematous  tissue  which  in  places  is  almost  black.  It  is  very  boggy  and 
full  of  fluid,  but  presents  no  visible  opaque  plugs. 

The  bone-marrou)  is  chocolate  brown  with  some  flecks  of  fat  It  is  fairly 
solid  and  comes  out  of  the  shaft  of  the  femur  in  the  form  of  a  cylinden 

The  larynx  shows  no  ulceration,  but  the  trachea  is  slightly  injected. 

Cultures  from  the  right  and  left  lung,  right  pleura,  heart  and  pericardium 
show  Pkieumococcus  IV  in  pure  culture.  Smears  from  the  lung  show  pneu- 
mococci  alone,  and  sections  give  the  same  result 
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MicroMcapicdl  Examination, — Sections  of  the  lonir  show  some  portions 
quite  free  from  exudate.  Sharply  marked  off  from  these  bf  widened 
oddematous  interlobular  septa  are  consolidated  areas  or  lotmles  in  which 
the  alveoli  are  tightly  packed  with  exudate.  Some  groups  of  alyeoli  are 
so  filled  that  no  space  remains  between  the  cells  and  all  are  necrotic.  The 
pleura  is  hsrpersemic  and  (edematous  and  is  covered  with  a  flMlnopurulait 
exudate  in  which  there  are  great  numbers  of  pneumococcL  The  inter> 
lobular  septa  are  widdy  distended  and  contain  dilated  Uood-ressels,  large 
lymphatics  full  of  leucocytes  and  other  cells.  The  tissue  is  infiltrated  with 
leucocytes,  mast  cells  and  mononuclear  wandering  cells  of  various  sizes. 
Pneumococci  occur  in  groups.  The  bronchi  contain  leucocytes  and  a  little 
fibrin;  the  epithelium  is  sometimes  lifted  up  by  accumulations  of  leucocytes. 
The  walls  are  not  much  infiltrated  with  cells. 

The  alveolar  walls  are  not  thickened  or  infiltrated.  Their  epithelium 
is  peculiarly  distinct  and  with  Giemsa's  or  Wilson's  stain  the  puri^ish 
finely  reticulated  protoplasm  of  the  cells  is  seen  to  be  rather  abundant  and 
to  be  aUe  to  give  off  processes  to  the  underlying  tissue  in  cases  where  the 
sheet  of  epithelium  has  been  lifted  up  by  leucocjrtes.  The  epith^ial  cdls 
are  s<»netlmes  in  mitosis,  they  are  rarely  phagocytic  while  still  attached  to 
the  wall.  Many  of  them  are  desquamated  and  so  long  as  they  can  be  dis- 
tinctly recognized  are  not  phagocytic.  There  are,  however,  many  large 
mononuclear  cells  of  rather  similar  appearance,  in  the  alveoli,  whidi  are 
phagocytic  and  engulf  other  cells. 

The  alveoli  contain  many  red  corpuscles,  a  predominant  number  of  poly* 
morphonudear  leucocytes  and  many  mononuclear  cells.  Of  these  mast 
cells  form  a  small  proportion,  lymphocytes  are  pres^it  but  in  small  num- 
bers; larger  wandering  mommudear  cells  with  a  vesicular  nucleus  and 
rather  basophile  protoplasm  are  quite  numerous.  It  is,  however,  the 
neutrophile  leucocytes  which  aeem  to  increase  in  numbers  as  time  passes. 
There  is  a  relatively  slight  network  of  fibrin  in  most  of  the  alveoli  and 
pneumococci  are  found  only  with  difficulty.  There  is  no  hyaline  lining 
of  the  ductules. 

Cask  227.— W.  F.  Admitted  September  29,  1918,  with  ccmsolidation  of 
the  lower  right  lobe.  Cyanosis,  signs  of  pulmonary  oedema.  Temp.  104-97''. 
Pulse  94-120.   Resp.  15-36.    Died  October  1, 1918.    Aut(H>sy  one  hour  later. 

Anatomical  Diagnosis. — Bilateral  conHuewt  lobular  pneumonia. 

Rectus  muscles  seem  normal. 

The  left  pleura  contains  no  excess  of  fiuid.  The  surfaces  are  glued  to- 
gether slightly  by  fresh  fibrin  and  rous^ened  by  it  There  are  a  few  old 
adhesions  over  the  i4>ex  and  posterior  part  of  the  lung. 

The  right  pleura  contains  about  100  c.  c  of  turbid  fiuid  and  shows  fairly 
fresh  adhesions  between  the  mesial  surface  and  the  pericardium,  as  well 
as  over  the  diairfiragnL  These  enclose  a  considerable  quantity  of  fluid  so 
that  when  they  are  liberated  the  cavity  contains  about  250  c.  c.  of  fiuid  in  all. 
The  surfaces  are  studded  with  hemorrhages. 

The  left  lung  is  rather  firm  in  the  posterior  lower  part  of  the  upper  lobe 
and  in  the  posterior  part  of  the  lower  lobe,  but  these  areas  are  relatively 


Digitized  by 


Google 


Pathological  Anatomy  of  Pneumonia  191 

soft  and  elastia  There  are  firmer  masBes,  however,  in  the  lower  or 
diaphragmatic  anrfoce  of  the  lower  lobe. 

On  section  the  upper  lobe  appears  to  be  practically  entirely  air-containing. 
In  the  lower  lobe  there  is  a  very  large  central  and  posterior  area  of  con- 
solidation and  other  nodnles  more  anteriorly  placed.  The  consolidated 
porticms  are  oedematous,  spongy  and  dark  greyish  red,  bat  in  the  centre 
of  the  largest  one  there  are  six  or  seyen  lobules  which  are  much  denser 
and  more  prominent  Some  of  these  are  opaque  red,  others  opaque  yellow, 
and  from  them  project  rough  plugs  of  exudate.  The  bronchi  exude  a  brown 
frothy  fluid;  their  walls  are  pale. 

The  right  lung  is  very  large  and  heavy  (Fig.  12).  Only  the  upper  and 
anterior  part  of  the  upper  lobe  is  still  air-containing.  On  secticm  much 
turbid  chocolate-colored  fluid  runs  from  the  cut  surface.  The  upper  lobe  is 
dense,  reddish  brown  in  its  lower  part,  oddematous  and  boggy,  pitting  on 
pressure,  coarse,  spongy  and  containing  no  d^nite  plugs  of  exudate  but 
only  fluid. 

The  lower  lobe  shows  the  same  condition  in  its  upper  part,  but  in  the 
lower  portion  there  is  an  area  about  6  cm.  in  diameter  which  is  flrmer 
than  the  rest  and  stands  out  prominoitly.  It  is  omiposed  of  many  lobules 
whose  outlines  are  visible  and  from  the  cut  surface  of  which  projedt 
many  plugs  of  exudate.  This  part  Is  pale  greyish  red  with  flecks  of  opaque 
yellow.  It  merges  into  the  flrm  (edematous  surrounding  tissue  which 
slopes  away  from  it  and  is  smooth,  shining  and  deep  red.  The  bronchi 
contain  a  thick  turbid  brownish  fluid  and  occasionally  flbrinous  moulds. 

The  bone-marrow  is  gelatinous  and  yellow,  flecked  with  red  but  fairly 
flnn. 

The  larynx  and  trachea  are  normal. 

O^tures  from  the  left  lung,  right  lung  and  right  pleura,  heart's  blood, 
spleen  and  pericardium  show  Pneumococcus  IV  in  pure  culture,  although 
in  the  right  pleura  and  heart's  blood  there  were  contaminating  organisms. 
The  smears  tToni  the  lungs  show  the  pneumococcus  alone.  Sections  from 
trachea  and  lungs  show  the  same  organism  alona 

Microtcopical  Examination. — ^The  sections  are  chiefly  troni  the  more 
densely  consolidated  portion  of  the  right  lower  lobe  and  present  a  ratheV 
thick,  flbrinous  exudate  upon  the  pleural  surface.  The  pleura  itself  is 
swollen  by  an  accumulation  of  fluid  containing  immense  numbers  of 
pneumococcL  Most  of  the  cells  are  reduced  to  nuclear  fragments  and  the 
lining  cells  are  lost  Over  this  is  the  layer  of  rather  dense  flbrin  which  is 
everywhere  perforated  with  vacuoles  which  are  full  of  micrococci.  The 
interlobular  septa  are  very  widely  spread  apart  by  fluid  and  cells  with 
enormous  numbers  of  bacteria.  The  lymphatics,  where  seen,  are  not 
d^nitely  thrombosed.  The  bronchi  and  bronchioles  are  fllled  with  a 
purulent  exudate  rich  in  bacteria.  Their  epithelial  lining  is  usually  pre- 
served intact,  but  their  walls  are  much  infiltrated  with  wandering  cells. 
So,  too,  the  walls  of  the  blood  vessels  are  infiltrated  with  cells  which  often 
lift  up  the  Midothelium. 
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There  is  no  dilatation  of  the  ductoli  alveolarea  nor  any  hyaline  deposit 
They,  like  the  alveoli,  are  widely  distended  by  a  cellular  exudate  with  a 
delicate  network  of  fibrin.  This  exudate  is  everywhere  strewn  with  great 
numbers  of  bacteria.  The  alveolar  walls  are  distinctly  distended,  and, 
while  they  show  blood-containing  ci4;>illaries  in  most  cases,  in  many  of 
them  the  capillaries  contain  no  blood  and  appear  to  be  obstructed.  The 
epithelial  lining  cells  are  in  most  places  remarkably  well  preserved. 

The  exudate  is  in  many  areas  very  densely  packed.  It  is  everywhere 
mixed  with  red  corpuscles,  but  some  groups  of  alveoli  contain  a  far  higher 
proportion  of  red  cells  than  others,  so  that  such  patches  look  red.  The 
greatest  variety  of  cells  is  present,  but  the  character  of  the  exudate  is 
practically  the  same  eversnvhere.  Polymorphonuclear  leucocytes  are  most 
numerous  and  are  actively  phagocytic,  often  being  literally  stuffed  with 
pneumocooci.  In  addition  there  are  many  cells  of  a  kind  described  in 
other  cases,  the  exact  nature  of  which  it  is  hard  to  decide  since  they  do 
not  correspond  precisely  with  any  well  recognized  type.  These  are  smaller 
than  the  polymorphonuclear  leucocytes,  rather  sharply  outlined  and  round. 
They  have  a  single  round  very  deeply  stained  solid  nucleus  and  a  cytoplasm 
which  takes  a  dense  eosin  stain  or  is  faintly  granular  with  the  Romanowsky 
stains,  taking  about  the  same  tint  as  the  neutrophile  granules.  The  sharp 
circular  outline  of  these  cells  and  the  fact  that  they  are  not  definitely  found 
to  be  phagocytic  even  when  they  lie  in  the  midst  of  great  numbers  of 
bacteria  and  leucocytes  packed  with  bacteria  should  give  some  suggestion 
as  to  their  nature.  They  are  easily  distinguished  from  lymphocytes  which 
are  present  elsewhere  in  the  same  preparations  by  every  character. 
Morphologically  they  res^nble  normoblasts  in  many  respects,  but  the  cell 
outline  is  not  so  sharp  as  in  those  elements,  and  I  cannot  convince  myself 
that  they  could  be  present  in  such  numbers  without  having  been  observed 
in  the  circulating  blood.  There  are  also  many  large  mononuclear  wander- 
ing cells  of  highly  phagocytic  character  which  take  up  leucocytes  and  cell 
fragments.  These  are  evidently  derived  from  the  group  found  infiltrating 
the  bronchial  and  blood-vessel  walls.  In  those  situations  every  type  of 
mononuclear  freely  wandering  cell  is  found,  from  the  tsrpical  lymphocyte 
through  all  gradations  to  the  very  large  cell  with  vesicular  deeply  staining 
nucleus  and  abundant  cytoplasm  with  indefinite  scattered  granulations  and 
bluish  staining  cytoplasm.  Some  of  these  contain  many  rather  fine 
granules  which  stain  blue  black  in  the  Oiemsa  preparations  and  are  easily 
distinguished  from  the  occasional  mast  cell  with  its  conspicuous  violet 
basophils  granules.  Eosinophiles  are  not  seen,  but  megalocaryocytes  are 
easily  visible  in  many  of  the  capillaries  of  the  alvecdar  walls  in  this  as  in 
all  the  other  cases. 

Pneumococci  are  present  in  enormous  numbers  and  evidently  in  pure 
culture  as  prolonged  search  through  the  section  fails  to  show  any  ether 
organism. 

Cask  229.— J.  F.  N.  Onset  on  September  21, 1918,  after  exposure  to  wet 
and  cdd  in  a  tent,  with  chills,  headache,  backache  and  fever.    The  patient 
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was  admitted  to  the  hospital  on  September  26  with  pain  in  head  and  back. 
Bronchial  breathing  and  r&les  in  the  right  lower  lobe.  Delirium,  coma. 
Temp.  lOMO?*".    Pulse  84-144.    Reap.  2-64.    Death  October  1,  1918. 

Autopsy  twenty-five  minutes  after  death. 

Anatomical  Diagnosis. — Confluent  lobular  pneumonia;  chronic  endocar- 
ditis with  mitral  stenosis. 

Rectus  muscles  normal. 

The  left  pleura  contains  no  fluid;  surfaces  smooth  and  glistening. 

The  right  pleura  contains  100  c.  c.  of  fluid.  The  surfaces,  especially  over 
the  back  of  the  lung  and  the  diaphragmatic  surface,  are  roughened  with 
fibrin;  the  same  is  true  of  the  mesial  surface. 

The  left  lung  is  voluminous  and  in  large  part  air-containing,  although 
there  are  in  both  upper  and  lower  lobes  darker  purplish  patches  which 
are  slightly  firmer  than  the  rest  On  section  there  is  very  little  definite 
consolidation  in  the  upper  lobe.  In  the  lower  there  are  dark-colored  patches 
which  are  spongy  and  oed^natous  but  not  firmly  consolidated. 

Right  Lung. — ^The  upper  lobe  is  air-containing  anteriorly,  fiabby  and 
dark  in  color  posteriorly.  The  middle  lobe  is  air<:ontaining  throughout. 
The  lower  lobe  is  consolidated  throughout,  firm  and  rigid,  with  whitish 
masses  showing  through  the  pleural  surface.  The  bronchial  glands  are 
enlarged,  dark  grey  and  moist  On  section  the  upper  lobe  is  air-containing 
except  in  its  lower  part  where  there  is  an  elastic,  spongy  and  (edematous 
area.  The  lower  lobe  shows  on  section  a  fairly  rigid  general  consolidation 
of  which  the  more  mesial  portion  seems  older  and,  although  smooth  and  in 
general  greyish  white,  shows  distinct  yellowish  plugs  of  exudate.  The 
remainder  is  dark  greyish  red,  mottled  with  paler  areas  and  is  smoother 
and  moister  than  the  rest    The  bronchi  are  pale. 

The  larynx  and  trachea  are  normal. 

Cultures  from  the  right  and  left  lung,  from  the  heart  and  from  the 
pericardium  show  Pneumococcus  Type  IV^  but  the  lungs  and  pericardium 
show  in  addition  Gram-negative  bacilli,  some  of  small  size  and  hsemoglo- 
binophilic,  others  very  coarse.  From  the  heart's  blood  there  was  cultivated 
also  a  Oram-negative  diplococcus.    Culture  from  the  spleen  was  negative. 

Microscopical  Examination, — ^The  pleura  over  sections  of  the  left  lung  is 
smooth.  The  lung  substance  is  extensively  filled  with  coagulable  fiuid, 
the  ductuli  alveolares  remaining  empty  and  giving  the  spongy  aspect  to 
the  cut  surface.    There  is  no  consolidation  and  the  bronchi  are  collapsed. 

Sections  through  the  lower  lobe  of  the  right  lung  show  a  pleura  covered 
by  a  thin  layer  of  fibrin  with  partial  destruction  of  the  lining  cells.  The 
pleural  m^nbrane  is  hypenemic,  and  it  as  well  as  the  fibrinous  exudate 
is  thickly  strewn  with  pneumococci  in  a  good  state  of  preservation.  The 
interlobular  septa  are  widened  by  oedema,  a  network  of  fibrin  and  an 
accumulation  of  a  few  leucocytes;  here  too  the  pneumococci  are  well  pre- 
served. The  bronchi  contain  a  purulent  exudate,  their  walls  are  not 
especially  infiltrated,  but  show  occasional  hsnnorrhages,  the  epithelium  is 
usually  intact  The  walls  of  the  blood-vessels  are  slightly  infiltrated  and 
the  adventitial  lymphatics  sometimes  contain  thrombi.    The  endothelial 
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cells  in  some  of  the  vesseU  are  lifted  up  by  aocumnlationB  of  fluid  beneath 
theuL  The  alreolar  walls  are  not  thickened  or  infiltrated  with  cells. 
Thromboses  of  the  capillaries  are  quite  frequent  and  bear  the  relation 
already  described  to  the  fibrin  network  in  the  alyeoli. 

The  alveolar  exudate  is  dense  and  composed  chiefly  of  polymorphonuclear 
leucocytes,  although  there  is  some  admixture  of  red  corpuscles  with  a  few 
of  the  small  mononuclear  cells  with  small  dense^  pycnotic  nucleus  described 
in  other  cases.  There  are  also  a  few  large  mononuclear  wandering  cells 
with  slightly  basophilic  protoplasm  and  deeply  stained  yesicular  nucleus. 
The  leucocytes  contain  very  numerous  bacteria,  and  wherever  these  can  be 
actually  recognised  they  hare  the  morphology  of  pneumococcL  Most  of 
them,  however,  are  fragmented,  or  almost  completely  disintegrated,  and 
stain  very  irregularly.  In  this  respect  the  bacteria  in  the  alveolar  exudate 
contrast  very  sharply  with  those  lodged  in  the  substance  of  the  pleura  or 
in  the  interlobular  septa  where  they  are  very  well  preserved.  The  alveolar 
epithelium  is  in  most  places  almost  intact,  although  lost  in  many  alveolL 
The  alveolar  capillaries  as  usual  frequently  contain  megalocaryocytes. 

It  appears  that  in  this  case  the  exudate  has  already  encompassed  the 
destruction  of  most  of  the  bacteria  with  which  it  has  come  into  immediate 
contact 

In  the  opposite  lung  large  bacilli  are  often  found  in  the  oedema  fluid 
in  the  alveoli,  but  no  bacilli  or  gram-negative  organisms  can  be  seen  in  the 
consolidated  areas  Just  described. 

Case  85. — ^T.  L.  Aged  21  years.  Onset  on  October  3  with  cough,  head- 
ache, nausea,  weakness  and  general  aching,  stiffness  of  neck  and  back. 
Admitted  to  hospital  October  3,  1918,  with  tubular  breathing  in  the  left 
lower  lobe  and  rough  breathing  on  the  right  side.  On  October  12  a  pleural 
rub  developed  on  the  left  side.  Temp.  102-103"*.  Pulse  90-108.  Resp.  24-60. 
Died  October  13.    Autopsy  three  hours  after  death. 

Anatomic<a  Diagnosit, — Bilateral  confluent  lobular  pneumonia;  infection 
of  sphenoid  iinuset, 

ConJunctivsB  and  mucose  Jaundiced. 

Rectus  muscles  normal. 

The  left  pleural  surfaces  are  slightly  glued  together  by  fresh  flbrin  and 
the  lower  half  of  the  mesial  surface  shows  a  layer  of  fibrinous  exudate. 
The  upper  and  anterior  surfaces  are  glistening.    There  is  no  fluid. 

The  right  pleura  contains  no  fluid,  but  over  the  posterior  portion  of  the 
lung  there  is  a  thin  layer  of  fresh  fibrinous  exudate  which  roughens  the 
surfaces.    The  upper  and  anterior  surfaces  are  smooth. 

Left  Lung. — The  bronchus  exudes  an  abundance  of  brownish  red,  frothy, 
mucoid  fiuid.  The  bronchial  glands  are  slightly  enlarged.  The  upper  lobe 
is  air-containing  except  for  a  patch  of  consolidation  in  its  lower  anterior 
portion  which  on  section  shows  a  greyish  red,  (edematous,  spongy  surface. 
The  bronchi  are  somewhat  reddened.  The  lower  lobe  is  firm  and  rigid 
throughout  On  secticm  it  is  entirely  airless,  dark  greyish  purple  and  very 
moist    It  is  studded  thickly  with  irregular  confluent  patches  of  grey,  dry. 
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rough,  consolidated  tissue  In  which  It  Is  evident  that  the  alyeoU  are  flUed 
with  pings  of  exudate.  This  Is  not  a  uniform  consolidation,  but  Is  Inter- 
spersed with  dark  red  areas,  some  of  which  are  firm  while  others  are 
spongy,  soft  and  (edematous. 

Right  Lung, — The  bronchi  exude  the  same  sort  of  fluid  as  In  the  left 
lung.  The  bronchial  glands  are  much  enlarged  and  are  dark  greyish  red. 
The  upper  lobe  Is  consolidated  In  Its  lower  and  posterior  portions.  It  Is 
dark  red,  airless  and  covered  with  a  fibrinous  exudate.  On  section  the 
consolidated  tissue  is  brownish  red,  extremely  moist,  rather  gelatinous  and 
spongy,  but  through  it  there  runs  a  ramifying  confluent  network  of  denser 
areas  which  are  opaque,  yellow  and  rough.  The  bronchioles  exude  a  vlsdd 
brown  fluid,  but  are  not  exceptionally  hypersmlc  or  thickened.  The  lower 
lobe  is  alr-contalning  in  Its  anterior  margin  and  the  whole  posterior  part 
Is  firm,  dark  red  and  covered  with  a  fibrinous  exudate  which  is  stained  In 
places  with  red.  On  section  It  Is  deep  chocolate  In  color  and  exudes  a 
viscid  fiuld  from  each  part  of  the  surfaca  The  cut  surface  Is  fairly  smooth 
and  very  moist  with  relatively  few  patches  of  the  dry,  opaque,  yellow 
consolidation  found  in  the  upper  lobe,  but  there  are  ramifying  and  oon- 
fiuent  firm  strands  of  a  greyish  red  color  which  are  lees  dry  and  prominent 
than  those  of  the  upper  lobe.  They  show  on  a  background  of  dark  red, 
smooth,  moist  tissue  which  Is  quite  airless. 

TrocheiL — ^Like  the  other  organs,  the  trachea  is  Jaundiced.  Its  mucosa 
la  reddened  but  smooth  and  there  is  no  ulceration  of  the  larynx. 

BphenML — ^The  right  sphenoidal  sinus  contains  3  c.  c.  of  turbid  chocolate- 
colored  fluid;  the  left  contains  about  1  c  c.  of  the  same  fluid.  The  mucosa 
is  not  reddened,  but  is  rather  greenish.  The  ethmoid  cells  contain  a 
little  of  the  same  fluid. 

Cnlturea. — Smears  from  the  lung  show  predominating  pneumococd  with 
some  Influenza  bacilli.  Cultures  from  the  trachea  show  a  Gram-negative 
bacillus,  probably  Friedl&nder's  bacillus  and  Pneumococcus  IV,  from  the 
right  and  left  bronchi  and  from  the  smaller  bronchi  the  pneumococcus  with 
great  numbers  of  the  Influenza  bacillus.  From  both  lungs  cultures  show 
abundant  pneumococci,  bacillus  influenzse  and  a  Gram-negative  bacillus 
which  appears  to  be  Friedl&nder's  bacillus.  The  cultures  from  the  sphenoid 
showed  pneumococci,  the  influenza  bacillus  and  a  staphylococcus. 

Microscopical  Examination, — ^The  sections  show  pneumonic  consolidation 
of  vanrlng  degrees  of  Intensity  and  in  some  places  alr<x)ntalning  lung 
tissue  of  normal  appearance.  The  pleura  shows  only  a  thin  layer  of  fibrin 
with  very  little  exudate  of  cells.  The  membrane  is  scarcely  altered  and 
the  Interlobular  septa  are  only  slightly  (edematous  with  a  moderate  Infil- 
tratl<m  with  leucocytes. 

The  bronchi  in  many  Instances  have  walls  densely  Infiltrated  with 
plasma  cells  and  other  mononuclear  wandering  cells.  Their  epithelium 
Is  generally  Intact  or  slightly  dislodged,  but  they  are  full  of  a  densely 
pa(^ed  exudate  of  ragged,  partly  disintegrated  leucocytes  which  are  loaded 
with  pneumocooci.  The  number  of  pneumococci  is  overwhelming  and 
search  for  other  organisms  is  almost  In  vain.    Some  cells  contain  gram- 
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negatire  particles  which  may  he  influenza  bacilli,  although  ther  are  not 
characteristic  and  might  as  well  be  interpreted  as  debris  of  pneumooocci. 
At  any  rate,  they  are  very  few  and  it  seems  nowhere  possible  to  recognize 
any  great  quantities  of  influenza  bacilli  in  tsrpical  arrangement  Nor  can 
other  Gram-negative  organisms  such  as  Friedl&nder's  bacillus  be  seen  with 
certainty. 

The  blood  vessels  are  in  places  thrombosed  or  plugged  with  masses  of 
leucocytes  containing  pneumooocci.  Their  walls  are  in  many  places  infil- 
trated with  leucocytes.  This  is  a  peculiar  condition  and  it  was  doubted 
whether  these  might  not  be  lymphatics  instead  of  veins,  but  the  size, 
position  and  the  character  of  the  walls  make  it  clear  that  they  are  veins. 

The  lymphatics  are  dilated  with  fluid,  often  thrombosed  and  frequently 
packed  with  leucocytes  and  pneumooocci. 

The  lung  tissue  itself  is  in  places  most  densely  consolidated,  the  alveoli 
containing  so  many  bacteria  and  leucocytes  as  to  render  the  alveolar  walls 
inconspicuous,  especially  since  in  these  areas  the  capillaries  are  empty  of 
blood  and  often  plugged  with  filaments  of  fibrin.  It  appears  that  the 
alveolar  walls  are  partly  necrotic  in  these  areas.  Haemorrhage  into  the 
alveoli  is  more  abundant  round  the  margins  of  these  areas.  Elsewhere 
the  exudate  is  not  so  dense  and  there  are  often  air-containing  alveoli  or 
ductules  interspersed.  In  many,  however,  there  is  a  thick  glutinous  fluid 
which  stains  red  with  fuchsin  and  which  contains  vacuole-like  spaces  fllled 
either  with  air  or  with  a  thin  fluid.  The  latter  seems  more  probable 
since  these  vacuoles  are  generally  packed  with  bacteria.  The  viscid  char- 
acter of  the  fluid  suggests  the  presence  of  Friedl&nder's  bacillus,  but  none 
could  be  seen.  The  exudate  is  composed  mainly  of  polymorphonuclear 
leucocytes  with  varying  quantities  of  red  corpuscles.  There  are  scmie 
lymphocytes,  but  none  of  the  small  cells  with  deeply  stained  rounded 
nucleus  described  elsewhere. 

There  is  no  evident  dilatation  of  the  ductuli  alveolares  and  no  deposit 
of  hyaline  lining  material. 

Case  5724.— N.  W.  Aged  5  years.  Onset  about  October  1,  1918,  with 
swelling  of  the  neck,  sore  throat  and  a  bad  cold.  Entered  the  hospital 
October  10  with  fever,  drowsiness,  cough  and  vomiting.  Dullness  over  the 
back  below  the  scapula  on  the  left  side  with  crackling  r&les  and  harsh 
breath  sounds.  Pharynx  and  tonsils  red  with  a  petechial  rash  on  the 
buccal  mucous  membrane.  Leucocytes  6960.  On  October  16  severe  cough 
and  consolidation  of  the  entire  right  lung.  Died  October  17.  Autopsy 
six  hours  after  death. 

Anatomical  Diagnosis, '-<fonfl%ent  lobular  pneumonia;  fibrinous  pleurisy. 

The  left  pleura  contains  no  fluid  and  the  surfaces  are  smooth. 

The  riffht  pleura  contains  50  c.  c.  of  yellow  seropurulent  fluid  with  a 
scattered  fibrinous  exudate  over  the  surface  of  the  lung. 

The  left  lung  shows  a  consolidation  involving  the  posterior  portion  of 
both  lobes  and  extending  into  the  central  portion  towards  the  hilum. 
On  section  this  is  rather  pale  and  firm  aad  in  contrast  with  the  broad 
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peripheral  zone  which  is  deep  red  and  not  definitely  consolidated,  but 
easily  insufflated.    The  bronchi  are  dark  red  and  exude  a  frothy  red  fluid. 

The  right  lung  is  almost  entirely  consolidated,  but  there  is^  a  peripberal 
zone  in  which  the  alvec^i  are  filled  with  a  dark  red  fiuid.  The  more 
central  portion  is  firm,  lighter  in  color,  and  rather  dry-looking.  The  con- 
solidation occupies  large  portions  of  both  lobes. 

The  larynx  and  trachea  are  reddened.  This  reddening  extends  to  the 
base  of  the  tongue. 

Cultures  from  the  trachea,  bronchi  and  lung  show  Staphylococcus  aureus. 
Pneumococci  were  found  in  the  lung  and  in  the  pleural  exudate. 

Microscopical  Examination, — ^The  lungs  show  patches  of  the  densest  possi* 
ble  consolidation  alternating  with  air-containing  and  relatively  unaffected 
areas.  The  pleura  is  thickened  by  oedema  and  especially  by  a  great  accumu- 
lation of  bacteria.  The  lymphatics  are  greatly  dilated  and  filled  with 
bacteria  fioating  in  a  fiuid  relatively  poor  in  cells.  The  interlobular  septa 
are  widened,  (edematous  and  infiltrated  with  mononuclear  wandering  cells 
of  the  usual  types,  including  those  with  basophilic  granulations.  This 
is  true  also  of  the  adventitial  walls  of  the  bronchioles  and  blood-vessels,  but 
there  is  no  infiltration  of  the  alveolar  walla 

The  bronchi  and  bronchioles  in  many  places  have  lost  their  epithelium 
and  contain  a  loose  exudate  of  leucocytes  with  many  bacteria.  The  ductuli 
alveolares  are  not  noticeably  dilated.  They,  like  the  alveoli  in  these  con- 
solidated areas,  are  filled  with  a  dense  mass  of  leucocytes  with  relatively 
little  admixture  of  mononuclear  cells  or  red  corpuscles.  The  cells  of  the 
exudate  are  loaded  with  bacteria  and  many  more  bacteria  are  free  between 
them.  Their  outlines  are  indistinct  and  the  granules  fail  to  stain  sharply. 
Most  of  these  leucocytes  appear  to  be  disintegrated.  The  epithelium  is 
partly  desquamated,  but  even  when  this  occurs  the  cells  often  adhere 
loosely  to  the  walls.  Fibrin  is  not  especially  abundant  and  the  dense 
alveolar  plugs  visible  in  many  of  the  alveoli  appear  to  be  produced  by  the 
massing  together  of  disintegrated  leucocytes.  On  the  other  hand,  the 
capillaries  in  the  most  affected  alveolar  walls  are  completely  obstructed 
by  fibrinous  strands  which  extend  outward  into  the  alveoli.  Many  of  these 
capillaries  are  actually  distended  with  bacteria  and  in  general  the  enormous 
growth  of  bacteria  in  the  substance  of  the  tissues  is  remarkable.  Megalo* 
caryocytes  are  numerous  in  the  capillaries  where  they  are  open  and  still 
conducting  a  stream  of  blood. 

In  the  marginal  portions  of  the  consolidated  areas  the  exudate  is  more 
hemorrhagic  and  a  few  alveoli  contain  almost  pure  blood. 

Cultures  showed  a  staphylococcus  aureus  and  a  pneumococcus  and  in 
the  sections  it  appears  that  the  predominant  organism  present  in  enormous 
numbers  is  the  pneumococcufli,  although  in  some  bronchioles  what  appear 
to  be  staphylococci  are  to  be  se^i.  There  are  no  signs  of  the  focal  develop- 
ment of  staphylococci,  however,  and  no  characteristic  focal  lesions  or 
abscesses. 
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Gasb  5726.— T.  W.  (brother  of  6724).  Aged  2  years.  Onset  on  October  8. 
1918,  with  cough  and  severe  sweats.  No  fever.  Chest  clear.  Father  and 
mother  both  sick  with  influenza  at  the  time.  Admitted  to  the  hospital  <m 
October  10  with  a  temperature  of  104*,  and  rapid  labored  respiration. 
Leucocytes  14,640.  The  lungs  are  clear  on  percussion,  but  there  are  many 
r&les  over  the  back  on  the  left  side.  On  October  13  there  was  a  friction 
rub  with  dullness  in  the  axilla  on  the  left  side.  Consolidation  of  the  lung 
increased  and  the  child  died  on  October  17.  Autopsy  flye  hours  after 
death. 

Anatomical  DiapnosU.-^onfluefU  lolUlar  pneumonia  with  flhrinous 
pleuritii. 

The  left  pleura  cmtains  no  fluid.  The  lung  is  coyered  with  a  flbrinous 
exudate. 

The  right  pleura  shows  no  accumulaticm  of  fluid,  but  the  lobes  are  bound 
together  by  flbrinous  exudate. 

The  left  lung  weighs  200  grams  and  is  extensively  consolidated  through- 
out both  lobes,  the  consolidation  reaching  to  the  posterior  surface,  wh^re 
the  pleura  is  covered  with  fibrin.  In  many  places  the  line  of  demarcation 
between  the  consolidated  areas  and  the  relatively  unaffected  portion  is 
sharp  and  well  defined.  The  bronchi  are  intensely  congested  and  contain 
a  small  amount  of  red,  frothy  fiuid.  The  lymph  glands  are  large,  grey  and 
mottled.    The  consolidation  is  uniformly  greyish  brown. 

The  right  lung  weighs  190  grams  and  shows  quite  a  large  area  of  con* 
solidation  in  its  more  central  portion  involving  all  the  lobes.  Here,  too, 
the  affected  lung  is  uniformly  greyish  brown.  Peripherally  the  lung  is 
not  consolidated,  but  is  de^  red  and  moist 

Cultures, — Cultures  show  pneumococcus  in  both  lungs.  No  other  organ- 
isms were  found. 

Microscopical  Examination,— The  pleura  over  the  consolidated  areas  is 
in  places  covered  by  a  loose  film  of  fibrin  with  many  bacteria.  The  pleural 
membrane  itself  is  spread  apart  by  the  accumulation  of  great  numbers 
of  bacteria,  all  apparently  pneumococci.  The  Jnterlobular  septa  are  rather 
wide  and  the  lymphatics  are  enormously  distended  in  the  pleura,  inter* 
lobular  septa  and  bronchial  and  vessel  walls  by  masses  of  leucocytes  with 
fibrin  and  bacteria.  The  bronchi  are  scnnewhat  infiltrated  with  mononu- 
clear cells.  Their  epithelium  is  fairly  well  preserved,  but  they  contain 
moulds  of  exudate  with  abundant  fibrin.  The  smaller  bronchioles  have  in 
places  lost  their  epithelium  and  a  thick  pseudomembrane  of  fibrin  with 
leucocytes  lines  the  wall  and  is  continuous  with  it  The  alveoli  are  densely 
filled  with  exudate  which  is  composed  almost  entirely  of  polymorphcmuclear 
leucocytes  with  very  few  mononuclear  cells  and  little  fibrin.  This  exudate 
is  loaded,  sometimes  very  heavily,  with  pneumococci.  No  other  bacteria 
are  found.  The  alveolar  epithelium  is  swollen  and  pale  and  in  part 
desquamated,  but  in  s<mie  alvecdi,  especially  near  the  bronchioles,  there  is 
a  proliferation  of  the  epithelium  sufficient  to  fill  the  alveolus  in  part  with 
a  solid  mass.  The  alveolar  walls  and  bronchlolar  walls  in  such  areas  are 
thickened  slightly  by  infiltration  with  mononuclear  cells  of  small  size 
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with  a  Tesicalar  nucleus  and  basc^hilic  protoplasm.  Breryirhere  one  may 
encounter  a  few  of  these  deeply  stained  moncMiuclear  wandering  cells, 
usually  in  the  walls  of  the  alveoli. 

There  are  some  areas  of  especially  dense  consolidation  in  which,  the 
leucocsrtee  of  the  exudate  are  very  much  disintegrated  with  fragmented 
nuclei,  but  there  is  no  actual  necrosis  of  the  walls.  Nor  is  there  any  capil* 
lary  thrombosis  in  these  walls.  Haemorrhage  is  present  everywhere  in 
slight  amount,  but  is  never  very  prominent  In  other  areas  the  duotuli 
alveolares  seem  to  contain  air,  while  the  alveoli  are  filled  with  exudate. 
These  are  evidently  near  the  margin  of  the  consolidation  where  it  passes 
over  into  the  hypersemic  air-containing  tissue. 

Casb  6133.^H.  C.  Aged  26  years.  Onset  on  January  19,  1920,  with 
chilly  sensation  and  fever,  general  malaise,  loss  of  appetite,  with  aching 
in  back  and  limbs.  On  January  23  the  patient  stopped  work  on  account 
of  severe  pain  in  the  side,  cough  and  prostration.  Admitted  to  hospital 
January  29  in  a  semistuporous  condition  with  respiratory  distress, 
cyanosis,  injection  of  conjunctivas  and  pharynx;  soft  palate  red  with 
minute  discrete  white  dots;  dullness  over  both  backs  toward  the  base  with 
widespread  rftles.  Leucocytes  9,360.  Death  on  January  80.  Autopsy  seven 
hours  after  death. 

Anatomical  Diagnosis. — Clinical  history  of  influenza;  bilateral  confluent 
lohular  pneumonia. 

The  left  pleura  contains  only  a  few  drops  of  opalescent  fluid.  The 
pleural  surfaces  are  somewhat  congested  and  there  is  a  slight  dulling  of 
the  gloss  over  the  lower  lobe  of  the  lung. 

The  right  pleura  contains  only  a  few  drops  of  fluid.  The  surfaces  are 
smooth  and  glistening. 

The  left  lung  is  voluminous.  The  surface  of  the  upper  lobe  is  smooth. 
The  lower  lobe  is  large,  heavy  and  solid,  and  flecked  over  its  posterior  and 
under  surfaces  with  hsemorrhages,  especially  along  the  lymphatics.  The 
loss  of  gloss  is  very  slight  and  only  over  the  posterior  part.  T^he  lung 
substance  feels  very  elastic  and  not  very  rigid.  The  bnmchial  lymph  glands 
are  large,  soft  and  grayish  red.  The  main  bronchus  is  deep  red  and  its 
lining  is  roughened.  On  section  the  upper  lobe  in  its  most  posterior  part 
shows  patches  of  deep  red  color  which  are  slightly  firmer  than  the  sur- 
rounding tissue.  The  bronchi  aif  f ar  as  they  can  be  traced  show  in  their 
mucosa  patches  of  green  pseudomembranous  exudate.  The  lower  lobe  on 
section  shows  broad  consolidation  which  is  dark  greyish  red  in  the  periph- 
eral parts  mottled  with  deeper  red  and  paler  grey  in  the  more  central 
parta  One  cannot  make  out  distinctly  a  lobular  consolidation,  but  the 
impression  is  received  that  the  consolidation  has  proceeded  from  several 
points. 

The  right  lung  is  more  voluminous  than  the  left  The  surftu»  in  general 
is  smooth.  The  upper  lobe  is  largely  aiiM^ntaining,  but  in  the  lower  por- 
tion posteriorly  there  are  two  firm  patches.  The  middle  lobe  is  air^ 
containing  except  tor  a  few  small  deep  red  patches  which  are  firmer  than 
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the  rest  The  upper  and  anterior  porticHia  of  the  lower  lobe  and  the  most 
posterior  part  are  air-containing.  There  is  a  large  irregolar  patch  in  the 
middle  of  the  lobe  which  is  dark  red  and  is  OTerlaid  by  lymphatics  which 
are  distended  with  deep  red  fluid  and  accompanied  by  numerous  small 
hflamorrhages.  The  bronchial  glands  are  large  and  BoiL  The  mucosa  of 
the  bronchi  is  deeply  reddened  and  ftecked.  with  patches  of  false  memlnrane. 
On  section,  while  most  of  the  upper  lobe  is  air-oontaining,  the  firmer 
patches  are  seen  to  be  solid  and  red  in  color.  In  the  lower  lobe  the 
patches  of  consolidation  vary  greatly  in  size;  some  are  very  small,  while 
others  measure  one  or  two  centimetres  in  diameter  and  become  confluent 
The  surface  is  slightly  rough  and  yery  hienuHThagic,  but  has  not  the  eir 
tremely  OBdematous  appearance  seen  in  many  of  the  cases.  The  ductuli 
alyeolares  are  not  d^nitely  made  out. 

Cultures  from  the  heart's  blood  show  Sti^hylococcus  aureus  and  Pneu- 
mococcus  IV;  from  the  lungs,  Stai^ylococcus  aureus,  Ifticrococcus  tetra- 
genus«  Pneumococcus  IV;  from  the  spleen.  Staphylococcus  aureus  and 
Pneumoooccus;  from  the  trachea,  Sti^hylococcus  aureus. 

Microscapicai  Notes, — ^The  trachea  and  bronchi  present  the  most  ezten- 
siye  pseudomembranous  inflammation  with  great  clouds  of  bacteria  lodged 
on  the  surface  and  sinking  deep  into  the  necrotic  pseud<Mnembrane  and 
underlying  tissue.  These  appear  to  be  of  two  sorts,  Gram-negatiye  round 
cocci  in  clusters  and  Orami;>08itiYe  organisms  of  the  general  form  of 
pneumococci,  but  rather  stouter.  The  same  combination  continues  all 
through  the  lung. 

The  pleura  is  not  covered  by  fibrin  in  the  sections,  nor  is  its  tissue  altered. 
The  interlobular  septa  are  rather  broad  and  oedematous;  they  show  dilated 
lymphatics  filled  with  a  thrombus  containing  pneumococcL  The  smaller 
bronchi  in  the  lung  have  lost  their  lining,  which  is  replaced  eyen  more 
completely  than  in  the  larger  ones  by  a  false  membrane.  The  alveolar 
walls  show  no  thrombosis  of  the  capillaries,  the  alveoli  are  uniformly  and 
densely  packed  with  pcdymorphonudear  leucocsrtes  with  some  admixture 
of  red  OMiiuscles,  a  little  fibrin  and  a  few  mononuclear  cells.  Pneumococci 
are  found  scattered  through  the  exudate,  not  very  abundantly  but  rather 
uniformly.  In  certain  places  the  whole  lung  tissue  throughout  an  area 
of  several  alveoli  is  completely  necrotic  and  in  the  midst  of  this  there  are 
found  solid  masses  of  the  Gram-negative  cocci  described  above.  These 
seem  rather  biscuitshaped  and  occur  in  pairs,  but  are  densely  clumped 
in  great  quantities  together.  A  few  pneumococci  are  found  among  them. 
They  se^n  to  produce  a  substance  powerful  enough  to  cause  the  death 
of  the  tissue,  whereas  the  pneumococci  even  when  closely  crowded  pro- 
duce no  such  definite  effect 

Case  6137. — Jm  C.  Aged  2%  years.  Onset  with  symptoms  of  infiuenza 
on  January  31,  1920.  The  patient  entered  the  hospital  on  February  2  with 
fever  and  evidences  of  patchy  pneumonic  consolidation.  Leucocytes  7,800. 
Died  February  3d.    Autopsy  two  hours  after  death. 

Anatomical  Diagnosis, — Clinical  history  of  influenza;  acute  diffuse  bron- 
chitis; lobular  pneumonia. 
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The  right  and  left  pleural  cavitieB  contain  no  fluid.  The  sorftuses  are 
smooth  and  glistening. 

The  left  lung  is  Yoluminons  with  smooth  pleura  and  with  occasional 
rather  large,  projecting,  sharply  outlined  areas  of  purplish  red  which  are 
firmer  than  the  surrounding  tissue.  These  are  especially  numerous  in  the 
posterior  part  of  the  lower  lobe  and  on  section  are  reddish  gray  in  color 
with  little  or  no  surrounding  hemorrhagic  area. 

The  right  lung  is  also  voluminous.  The  pleura  is  smooth  and  trans- 
parent, showing  again  occasional  patches  of  purplish  red  which  are  sharply 
localized.  On  palpation  the  lung  is  generally  air-containing,  but  the 
nodules,  two  or  three  of  which  i^pear  in  each  lobe,  are  about  2  cm.  in 
diameter,  quite  firm  in  consistency  and  airless.  The  bronchi  contain  a 
blood-tinged,  frothy  exudate.  The  mucos»  are  injected  and  slightly 
roughened.  On  section  the  consolidated  patches  are  slightly  elevated  and 
appear  as  grejrlsh  areas  of  consolidation  surrounded  by  a  hemorrhagic  zone. 

The  trachea  and  larynx  show  no  injection. 

CulturcB  from  the  heart's  blood  show  Pneumococcus  II  and  B.  influenzs; 
these  organisms  were  also  found  in  the  lungs  and  in  the  bronchial  exudate. 

Microscopical  Examination, — ^The  pleural  surface  is  smooth  and  the 
directly  underlying  lung  air-containing.  There  are  patches  of  consolida^ 
tion  lying  more  deeply,  but  the  interlobular  septa  and  lymphatics  in  general 
are  little  aftected.  The  bronchial  walls  are  slightly  (edematous  and  infil- 
trated, but  very  slightly  so;  their  epithelium  is  fairly  well  preserved  even 
into  the  smallest  branches,  and  the  contents  are  largely  composed  of  blood 
and  coagulated  fluid  with  scattered  groups  of  pneumococci.  The  ductuli 
are  not  especially  dilated.  The  alveoli  are  filled  with  a  fresh  exudate  which 
in  the  central  parts  of  the  area  of  consolidation  is  composed  almost  ex< 
clusively  of  polymorphonuclear  leucocytes.  These  are  wonderfully  well 
preserved,  and,  while  the  neutrophilic  granules  show  perfectly  in  eaeh  cell, 
various  stages  from  what  seems  to  be  a  myelocyte  to  the  more  advanced 
lobulation  and  deep  staining  of  the  nucleus  can  be  seen.  About  the  areas 
of  dense  leucocytic  exudate  there  is  a  gradually  fading  oedema  with  hemor- 
rhage. Pneumococci  are  present  in  enormous  numbers,  especially  in  the 
denser  exudate  and  especially,  too,  in  those  alveoli  which  border  a  large 
bronchus  or  vessel.  In  the  bronchioles  and  in  the  denser  exudate  nothing 
but  the  pneumococcus  is  seen.  On  the  other  hand,  in  the  outlying  cedema^ 
tons  areas  swarms  of  influenza  bacilli  are  found  in  the  fluid  contents  of  the 
alveoli  and  mixed  with  the  pneumococci.  There  is  no  chance  of  confusion, 
since  the  organisms  lying  side  by  side  difter  so  greatly  in  size,  form,  and 
arrangement,  and  contrast  so  sharply  in  that  the  pneumococci  are  blue,  and 
the  influenza  bacilli  red  in  the  same  section. 

This  case  resembles  in  the  distribution  of  the  influenza  bacilli  another 
(Case  6722),  but  there  is  no  pseudomembranous  bronchiolitis  such  as  was 
seen  there. 

Case  6141.— H.  H.  Aged  73  years.  The  patient  entered  the  hoq[>ital 
November  4,  1919,  with  carcinoma  of  the  prostate.    On  January  27,  1920, 
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patient  began  to  hare  fever  after  a  cystoscopic  examination,  and  the  high 
temperatore  continued  for  seyeral  days.  Consolidation  of  the  right  base 
was  observed  on  Febroary  2.  Leucocsrtes  6000.  The  patient  grew  worse 
and  died  February  6.    Autopsy  three  hours  after  death. 

Anatomical  Diagnosis, — Oaroinama  of  the  prostate  vAth  metastases; 
chronic  diffuse  nephritis;  confluent  lobular  pneumonia  involving  right 
lower  lobe  vHth  acute  pleurisy. 

The  left  pleura  contains  very  little  clear  fluid. 

The  right  pleural  cavity  is  partly  obliterated  by  adhesions,  but  contains 
160  c.  c.  of  clear  fluid  with  floating  shreds  of  fibrin. 

The  left  lung  is  air-containing  throughout,  very  pale  and  coarse  in 
texture. 

The  right  lung  in  its  posterior  aspect  shows  some  dulling  of  the  gloss  of 
the  pleural  surface.  The  middle  lobe  is  air-containing  and  densely  ad- 
herent to  the  upper  lobe.  The  lower  lobe  is  very  large  and  except  for  the 
anterior  part  is  completely  consolidated.  The  surface  is  rough  and  hsmor- 
rhagio  and  there  is  a  network  of  distended  lymphatics  filled  with  a  red 
fiuid.  On  section  the  upper  and  middle  lobes  are  air-containing  throughout 
The  lower  lobe  is  consolidated,  especially  in  the  lower  portion,  where  the 
solid  portion  has  a  spongy  appearance  and  is  of  a  red  color.  The  inter- 
lobular septa  are  very  sharply  marked  out  and  are  opaque  grayish  white 
and  in  the  lower  portion  of  the  lung  very  (edematous.  The  upper  portion 
of  the  lower  lobe  is  deep  red,  moist  and  mottled  with  grey  patches;,  and 
exudes  a  quantity  of  turbid  fiuid.  The  bronchi  are  not  dilated,  but  are 
reddened  and  contain  a  dark  red,  turbid  fiuid. 

The  larynx  and  trachea  are  normal. 

Cultures  from  the  heart's  blood,  right  lung  and  trachea  show  Pneu- 
mococcus  Type  I.  The  trachea  also  contains  Staphylococcus  albus  and 
Micrococcus  fiavus. 

Microscopical  Examination, — ^There  are  very  large  patches  of  rather 
homogeneous  hemorrhagic  consolidation  repres^ited  in  the  sections.  In 
some  of  these  the  pleural  surface  is  covered  by  a  fibrinous  exudate  loaded 
with  pneumococcl,  and  beneath  these  areas  the  pleura  is  thickened  and 
infiltrated  and  the  interlobular  septa,  extraordinarily  widened  by  an  ac- 
cumulation of  exudate,  extend  far  down  into  the  lung.  The  adventitia  of 
the  bronchi  is  very  much  spread  apart  by  this  exudate,  which  is  heavily 
loaded  with  pneumococci  and  the  lymphatics  are  distended  with  it.  The 
bronchi  have  lost  most  of  their  epithelium  and  contain  an  exudate  of 
leucocytes.  Other  sections  show  a  pleura  uncovered  by  exudate,  not  infil- 
trated with  leucocytes  and  with  no  greatly  widened  Interlobular  septa.  In 
such  parts  of  the  lung  the  pneumonic  exudate  is  rather  fresher  and  more 
distinctly  hemorrhagic,,  but  it  is  precisely  in  this  part  of  the  lung  that 
there  are  found  indurative  changes  which  seem  to  belong  to  a  disease  of 
the  lung  antedating  the  pneumonia. 

Bvenrwhere  the  texture  of  the  lung  is  very  coarse— the  alveoli  are  ex- 
tremely large  and  irregular  and  their  walls  rather  thick  and  dense.  They 
are  not  especially  Infiltrated  with  wandering  cells,  nor  can  one  discern 
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any  thrombi  in  their  capillaries.  The  alveoli  as  well  as  the  dnctnli  are 
filled  rather  uniformly  with  an  exudate  which  is  dosely  packed  and  is  made 
up  of  polymorphonuclear  leucocytes  mixed  with  a  little  blood.  The  leuco- 
cytee  are  not  yery  well  preserved  and  in  places  seem  crowded  together 
and  partly  disintegrated.  The  same  may  be  said  of  the  pneumococd  which 
are  extremely  numerous  everywhere,  but  <^en  distOTted  or  ill-stained.  No 
other  organisms  are  found. 

Some  areas  of  the  lung  show  not  only  thick  fibrous  walls  surrounding 
the  very  large  irregular  alveoli,  but  dense  bronchial  walls  and  s^ta.  The 
alveoli  and  ductuli  in  these  areas  are  often  lined  with  a  thick  layer  of 
epithelium  several  cells  deep,  which  in  some  places  is  almost  bulky  enough 
to  fill  the  alve<^us.  It  la  well  known  that  this  has  been  described  in  con- 
nection with  the  more  chronic  forms  of  pneumonia  and  especially  in  cases 
of  infection  with  the  influenza  bacillus.  It  is  possible  that  it  may  be 
associated  with  the  present  pneumonia  in  this  case,  but  the  contrast  be- 
tween these  changes  and  those  of  the  actual  pneumonic  lesions  makes  this 
seem  doubtful. 

The  cases  detailed  above  present^  as  a  rule^  advanced  changes  in  the 
form  of  a  pneumonic  consolidation  obviously  due  to  the  pneumococei 
which  are  present  throughout  the  exudate  in  colossal  numbers  although 
occasionally^  as  in  Case  6133^  the  condition  is  complicated  by  the 
pres^ice  of  a  Oram-negative  coccus  which  occurs  in  clumps  and  pro- 
duces local  necroses,  or,  as  in  the  case  of  the  child  (6137),  by  the 
existence  of  influenza  bacilli  in  the  oedematous  areas  which  surround 
the  pneumococcal  consolidation.  Complicating  organisms  are  present 
in  some  of  the  other  cases  also,  but  seem  to  exert  little  influence  upon 
the  lesion. 

In  all  cases  there  are,  in  spite  of  the  widespread  areas  of  dense 
and  uniform  consolidation,  traces  of  its  origin  as  a  more  patchy  or 
lobular  involvement,  with  predominan,t  hemorrhage  and  oedema  in 
the  marginal  portions,  and  a  few  have  retained  over  considerable 
areas  the  spongy  boggy  consist^icy  which  was  emphasized  in  the  first 
group.  Although  the  ductules  are  sometimes  quite  wide,  none  of  these 
cases  seems  to  have  any  remnants  of  the  hyaline  lining. 

The  pleura  sometimes  shows  the  red  paint-like  stains  described  above 
but  is  more  often  roughened  by  a  layer  of  fibrin  or  covered  by  a  thick 
honeycomb-like  deposit  of  the  same  materiaL  The  pleural  membrane 
is  sometimes,  but  not  always,  thickened  by  an  infiltration  of  fluid  with 
leucocytes  and  mononuclear  wandering  cells  with  very  numerous  bac- 
teria. So,  too,  the  interlobular  septa  may  in  some  cases  be  greatly 
infiltrated  and  spread  apaart  although  occasionally  they  are  quite 
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inconspicuous.  The  lymidiatics  are  moderately  or  but  slightly  dis- 
tended with  fluids  bacteria  and  leucocytes  and  ore  sometimes  throm- 
bosed. 

The  bronchi  have  usually  retained  their  epithelium  fairly  well 
but  in  one  case  (6133),  a  diphtheritic  exudate  has  replaced  it  far  into 
the  smallest  branches.  Their  walls  are  very  little  infiltrated  or  changed 
in  any  way  although  the  lymphatics  are  sometimes  distended.  The 
ductuli  alveolares  and  the  alveoli  themselves  are  packed  with  partly 
disintegrated  leucocytes  among  which  bacteria  lie  in  great  numbers. 
In  some  cases  phagocytosis  of  the  bacteria  is  very  striking.  The 
distribution  of  haemorrhage  varies  greatly  but  as  a  rule  it  is  more 
intense  in  the  marginal  portions. 

The  bacteria  are  in  general  sharply  outlined  and  are  easily  stained 
but  in  some  instances,  as  in  229,  they  are  in  advanced  stages  of 
degeneration  and  disintegration  where  they  lie  in  contact  with  the  leu- 
cocytic  exudate  in  the  alveoli.  In  sharp  contrast  with  this  they  are 
found  to  be  excellently  preserved  in  the  tissue  of  the  pleura  and  inter- 
lobular septa  and  even  in  the  pleural  exudates. 

The  most  interesting  feature  of  this  type  of  pneumonia,  which  is 
in  general  so  indefinitely  characterized,  is  the  thrombosis  of  some  of 
the  capillaries  of  the  alveolar  walls.  Occasionally  all  the  capillaries 
for  some  distance  are  obstructed  but  usually  the  occlusion  affects  only 
one  or  two  meshes  of  the  capillary  network  in  an  alveolar  wall,  all  the 
surrounding  channels  being  open  for  the  passage  of  the  streaming 
blood.  The  "  thrombus  '^  is  really  a  closely  twisted  strand  of  filaments 
of  fibrin  which  stains  deeply  and  looks  hyaline,  as  though  a  solid 
mould  of  the  undulating  capillary.  It  is  rarely  possible  to  demonstrate 
any  special  relation  of  the  bacteria  to  these  thrombi  but  there  must  be 
a  local  injury  because  leucocytes  are  caught  stretched  out  through 
the  capillary  walls  and  the  whole  network  of  fibrin  radiating  into  the 
alveoli  on  each  side  starts  from  this  obstructed  capillary  (Figs.  14  and 
15) .  The  interference  with  the  circulation  in  such  a  lung  must  be  con- 
siderable and  it  recalls  the  injections  of  Kline  and  Winternitz  which 
showed  the  great  restriction  of  the  circulation  through  the  consolidated 
tissue  in  lobar  pneumonia^  although  I  do  not  remember  having  seen 
such  extensive  thrombosis  in  typical  cases  of  lobar  pneumonia. 

In  two  of  these  cases,  85  and  5724,  some  of  the  capillaries  have  been 
found  to  contain  bacteria  or  phagocytic  cells  loaded  with  bacteria 
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and  the  small  arterioles  or  venules  are  filled  with  thrombus-like  masses 
of  leucocytes. 

Case  217  is  one  of  those  much  discussed  instances  in  which  not  only 
the  interstitial  tissues  of  the  lung  but  wide  areas  of  the  mediastinal 
and  subcutaneous  tissues  were  blown  up  with  air.  This  interstitial 
emphysema  is  evidently  produced  mechanically  and  is  not  due  to  the 
presence  of  any  gas-forming  organisms,  but  in  view  of  the  very  slight 
cough  in  any  of  these  cases  it  is  diflScult  to  understand  it.  Most  of  the 
cases  which  we  observed  clinically  recovered,  and  in  this  case  at  autopsy 
we  could  find  no  satisfactory  explanation  of  the  escape  of  air — nor 
do  I  think  that  the  explanations  generally  offered  are  very  satisfactory. 
It  is  clear,  however,  that  this  is  a  phenomenon  associated  with  the 
epidemic  and  its  pneumonia  and  not  with  ordinary  pneumonias. 

Pour  cases,  which  on  all  other  coimts  belong  in  this  group,  are 
separated  for  special  consideration  because,  although  pneumococci  were 
cultivated  from  all  as  the  predominant  or  even  as  the  only  organism, 
the  cells  of  the  exudate  are  filled  and  loaded  with  what  appear  to  be 
Gram-negative  cocci.  These,  since  they  would  not  grow — or  at  least 
were  not  grown,  we  cannot  recognize  definitely.  Indeed,  they  are  so 
small  that  I  have  been  in  doubt  whether  they  might  not  be  cytoplasmic 
granules,  especially  since  they  occur  almost  entirely  within  phagocytes 
or  in  the  protoplasm  of  great  stretching  cells  which  lie  on  the  alveolar 
walls.  They  stain  so  brightly,  however,  with  methylene  blue  and 
similar  stains,  that  it  seems  most  probable  that  they  are  actual  cocci. 
They  have  no  resemblance  in  form  or  distribution  to  influenza  bacilli. 

What  part  they  play  in  the  development  of  the  whole  lesion  in 
these  limgs  it  is  impossible  to  say,  since  in  all  these  cases  pneumococci 
are  also  present. 

Other  features,  such  as  pleural  haemorrhages  and  bacterial  flecks, 
capillary  thrombi,  even  hyaUne  lining  in  dilated  ductules — all  are 
represented  well  in  these  cases  and  we  must  decide,  if  possible,  whether 
the  "  Gram-negative  cocci  '^  have  any  part  in  their  production. 

Case  222.— W.  O,  B.  Brought  into  the  hospital  S^tember  29,  1918, 
unoonscious,  almost  pulseless,  cyanotic  cold  and  clammy.  Reepiration 
labored.  Died  September  29.  Autopsy  14  hours  after  death. 
Anatomical  Diagnosis. — Bilateral  confluent  lobular  pneumonia. 
The  left  pleural  cavity  contains  about  5  c.  c  of  fluid.  The  surfaces  are 
smooth,  but  in  places  on  the  back  of  the  lower  lobe  there  are  bulging 
flecks  of  a  pale  coffee-colored,  opaque  subpleural  material. 
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The  right  pleural  cavity  contains  aboat  26  c.  c  of  turbid  brown  fluid. 
Its  surfaces  are  smooth  and  glistening,  though  a  little  dull  on  the  diaphrag* 
matio  aspect  They  present  the  same  elevated  fawn-colored  areas  which 
seem  to  overlie  areas  of  consolidation  and  are  in  or  under  the  pleural 
surface. 

Left  Lung. — ^The  upper  and  anterior  parts  of  the  upper  lobe  and  the  lower 
anteriOT  margin  of  the  lower  lobe  are  air-containing.  The  lower  posterior 
part  of  the  upper  lobe  and  nearly  the  whole  of  the  lower  lobe  are  consoli- 
dated, firm  and  elastic  On  section  the  consolidated  part  of  the  upper 
lobe  is  iNTownish  grey  in  color  surrounded  by  a  definite  zone  of  hsdmorrhage. 
The  consolidaticm  is  more  patchy  posteriorly.  The  lower  lobe  is  on  section 
found  to  be  almost  ccHnpletely  consolidated,  brownish  red,  smooth,  elastic, 
rather  spongy,  but  with  distinct  projecting  plugs.  In  places  the  consoli- 
dation is  quite  sharply  limited  to  lobules,  elsewhere  rather  diffuse.  The 
brownish  patches  in  the  pleura  overlie  the  consolidated  parts  of  the  lung, 
but  do  not  extend  into  its  tissues. 

The  right  lung  is  heavy  and  blue.  There  is  a  firm  mass  in  the  middle  of 
the  upper  lobe  and  other  smaller  masses  lie  poeterioiiy  in  both  upper  and 
middle  lobes.  The  lower  lobe  is  entirely  consolidated.  On  section  the 
upper  and  middle  lobes  show  areas  of  consolidation  as  indicated.  The 
lower  lobe  on  section  is  pale  greyish  red  and  minutely  flecked  with  yellow 
lines.  There  are,  however,  patches  of  dark  red.  Alveolar  plugs  of  exudate 
are  not  distinctly  seen. 

Orgons  of  the  Neck. — ^The  phanmx  is  slightly  reddened,  the  epiglottis, 
larynx  and  trachea  also  show  moderate  reddening.  There  is  no  ulceration, 
but  there  are  some  patches  of  opacity  with  surrounding  congestion  in  the 
trachea  just  below  the  larynx. 

Natal  Sinu$eM, — The  sphenoid  fossa  contains  a  blood-stained  fluid.  The 
ethmoid  cells  are  filled  with  a  similar  fluid,  but  the  lining  is  not  especially 
altered.    The  middle  ear  and  mastoid  cells  are  normaL 

The  bone  marrow  of  the  femur  is  composed  chiefly  of  yellowish  fat  with 
a  few  brownish  flecks. 

Cultures  from  both  lungs  and  from  the  right  pleura  gave  Pneumocoo- 
cus  IV.  Those  from  the  lungs  also  showed  a  Oram-negative  bacillus.  The 
heart's  blood  and  spleen  showed  Pneumococcus  Type  IV  alone,  while  the 
sphenoid  sinus  contained  both  the  pneumococcus  and  the  above-mentioned 
Gram-negative  bacillus. 

Microscopical  Examination, — Sections  from  both  lungs  show  a  very  dense 
exudate  of  leucocytes  and  mononuclear  cells,  many  ol  which  are  desquar 
mated  epithelial  cells.  In  many  places  there  is  an  abundant  admixture  of 
red  corpusdes  all  taitly  well  preserved.  The  pleura  is  in  places  thickened 
and  spread  H^art  into  several  layers  so  that  the  inner  limiting  membrane 
with  its  elastio  tissue  fibres  is  well  seen.  In  the  patches  described  as 
visible  on  the  surface  in  the  form  of  elevated  plaques  of  a  pale  brownish 
color,  the  tissue  of  the  pleura  is  occupied  by  enormous  numbers  of  pneu- 
mococci  lying  packed  together  and  without  any  associated  cells.  The 
interlobular  septa  are  not  conspicuous.    The  bronchi  contain  granular 
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eoAgnlated  fluid,  red  corpuscles,  leucocytes  and  desquamated  ^ithelium. 
Their  walls  are  not  thickened  nor  infiltrated.  The  minuter  bronchioles  are 
similarly  filled  with  exudate,  the  ductuli  alveolares  are  dilated  and  lined 
with  hyaline  material.  Their  walls  and  those  of  many  of  the  adjacent 
alTeoli  appear  to  be  almost  necrotic,  the  epithelium  having  been  desqua- 
mated. This  is  not,  howeyer,  a  very  widespread  condition.  The  capillaries 
in  the  alve<^ar  walls  are  greatly  dilated  and  the  alveoli  contain  in  addition 
to  the  cellular  exudate  described  a  great  deal  of  fluid  which  has  been 
coagulated  into  a  granular  mass. 

Bacterial  stains  show  the  presence  of  enormous  numbers  of  pneumococci 
in  all  the  alveoli  and  in  the  bnmchi.  They  are  often  in  idumps  and  in 
quite  long  chains  and  are  numerous  in  the  lymphatics  and  in  the  substance 
of  the  interlobular  septa  and  adventitia  of  the  vessels.  But  there  are  also 
far  greater  numbers  of  round  coecus4ike  bodies  which  are  Gram-negative 
and  stain  red  with  the  ccmibined  Goodpasture  and  Weigert  stain  or  blue 
with  the  Giemsa  stain.  They  probably  constitute  the  abundant  granules 
seen  in  the  hsematoxylin  and  eosin  stain.  All  the  phagocytic  cells  of  the 
exudate  are  full  of  them  and  some  are  free.  It  might  be  thought  at  once 
that  these  were  Gram-negative  micrococci  and  their  round  form,  about  as 
plump  as  that  of  a  staphylococcus,  would  support  this  view.  But  the  des- 
quamated epithelial  cells  are  loaded  with  them  and  all  the  epithelial  cells 
which  line  the  alveolar  walls  in  certain  areas  are  similarly  loaded.  Indeed 
they  seem  to  extend  into  depressions  in  the  alveolar  wall  and  to  connect 
with  similar  thick  layers  lining  the  next  alveolus.  With  the  Giemsa  stain 
they  become  very  conspicuous  as  thick  blue  granular  layers  lining  the 
alveoli.  It  is  difficult  to  say  with  certainty  what  they  are,  although,  since 
they  are  not  to  be  found  in  the  smear,  it  seems  probable  that  they  are  not 
bacteria,  but  cell  granules. 

The  tracheal  mucosa  is  loaded  with  pneumococci  which  extend  into  the 
lymphatics. 

No  influenza  bacilli  could  be  found  either  in  the  lung  or  in  the  trachea. 

Cask  228.— R.  D.  C.  Onset  September  19,  1918,  with  headache,  sore 
throat,  cough  and  copious  expectoration.  Admitted  to  the  hospital  Septem- 
ber 25,  with  pain  in  the  chest  and  moist  rftles  throughout  the  lung.  Dullness 
and  distant  breathing  In  right  back.  Temp.  104-105*".  Pulse  114-140.  Resp. 
48-66.   Died  October  1, 1918,  at  10  a.  m.   Autopsy  four  hours  later. 

Anatomicca  Dioffnoaia.—Bilater&l  continent  lol>ular  pnenmonia;  fibrinous 
pleuritU. 

Redui  mu$cles  normal. 

The  left  pleura  contains  very  little  fluid.  The  surfaces  are  smooth  an- 
teriorly, flecked  with  hannorrhage  and  rough  with  fibrin  posteriorly. 

The  right  pleura  contains  only  a  few  cubic  centimeters  of  fiuid,  but  the 
surfaces  are  covered  with  a  thin  layer  of  fibrin  which  glues  them  together. 
Thmre  are  numerous  hemorrhagic  fiecks  and  some  large  brownish  red 
patches  in  the  pleural  membrane. 
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The  left  lung  is  yolnmiiioiis,  ciuBhlony  in  the  upper  lobe  and  throoghont 
the  anterior  part  of  the  lower  lobe.  The  posterior  part  of  the  lower  lobe  is 
conac^dated  and  rigid. 

On  section  the  upper  lobe  is  air-containing  throughout  The  lower  lobe 
in  its  posterior  portion  shows  a  dense  consolidation  filling  sharply  outlined 
lobules.  S<Mne  lobules  are  dark  red,  OBdematous  and  spongy,  while  all  the 
more  centrally  i^aced  lobules  contain  a  white  exudate  which  projects  in 
plugs  from  the  alveolL  The  anterior  part  of  this  area  of  consolidation  is 
more  oedematous,  but  otten  shows  numerous  plugs  of  fibrin. 

The  riffht  lung  is  very  large  and  heavy  (Fig.  13).  The  upper  lobe  is  air- 
containing  in  its  upper  and  anterior  part  A  firmly  consolidated  mass,  the 
size  of  half  a  cocoanut,  is  situated  in  the  posterior  lower  part  The  middle 
lobe  is  air-containing  except  for  a  small  part  of  the  posterior  end.  The 
lower  lobe  is  entirely  consolidated  and  greatly  distended.  There  is  only  a 
small  margin  of  partly  air-containing  lung  at  the  posterior  lower  border. 
On  section  the  ui^>er  lobe  shows  the  solid  portion  grey,  rigid,  mottled  with 
dark  grejrish  red,  and  with  a  sunken  hemorrhagic  border.  This  patch 
stands  out  aboTe  the  surrounding  air-containing  lung  and  is  roughoied  by 
plugs  of  exudate.  The  lower  lobe  on  section  is  coyered  with  a  glutinous 
exudate.  The  consolidated  portion  is  almost  white  with  patches  and 
streaks  of  dark  greyish  red  and  a  hsemorrhagic  border  which  marks  it  oft 
from  the  air-containing  lung.  The  cut  surface  is  very  rough  owing  to  the 
prominence  of  the  white  alveolar  i^ugs.  The  bronchial  nodes  are  much 
enlarged.    The  bronchi  are  deeply  reddened  and  exude  frothy  mucus. 

The  larynx  and  trachea  show  no  abnormality. 

Cultures  from  right  and  left  lung  and  from  the  pericardium  showed 
Pneumococcus  Type  IV  in  pure  culture.  The  right  pleura  contained  also 
fine  Qram-negative  bacilli,  but  it  and  the  heart's  blood  gave  abundant 
growths  of  Pneumococcus  IV.    Cultures  from  the  spleen  were  negative. 

Smears  from  the  lung  show  pneumococci  and  some  Qram-posltive  bacillus- 
like forms,  but  no  infiuenza  bacilli.  There  are,  however,  numerous  Oram- 
negative  cocci  of  very  small  size. 

Microscopical  Examination, — ^The  pleural  surfaces  show  a  thin  layer  of 
rather  dense  fibrin,  thicker  over  the  right  lung  than  over  the  left  The 
pleural  lining  cells  are  usually  quite  well  preserved;  the  pleural  membrane 
much  widened  by  oedema  and  by  distention  of  the  blood  vessels.  There 
are  some  heemorrhages  and  a  moderate  infiltration  with  leucocytes  and 
mononuclear  wandering  cells.  The  interlobular  septa  are  wide  and 
oedematouB  with  a  loose  network  of  fibrin  and  a  rather  sparse  infiltration 
with  leucocytes  and  mononuclear  cells.  The  latter  are  large  and  concq>lcu- 
ous  with  a  rather  abundant  protoplasm  about  their  deeply  stained  vesicular 
nuclei.  No  distinct  granules  are  stained  in  the  cytoplasm  by  the  Wright 
or  Giemsa  stain  and  no  definite  mast  cells  are  encountered.  The  lym- 
phatics are  wide  and  often  filled  with  leucocytes  and  a  network  of  fibrin. 
There  are  a  few  which  seem  to  have  in  their  walls  a  curious  network  of 
capillaries  filled  with  blood  and  lying  immediately  under  the  endothelium. 
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The  bronchi  are  filled  with  a  purulent  exudate,  their  epithelium  is  well 
preserved  and  their  walls  are  thickened  only  by  cedema  associated  with  a 
relatively  slight  infiltration  of  leucocsrtes.  The  alveoli  are  distended  with 
an  exudate  which  varies  somewhat  from  place  to  place.  In  the  more 
densely  consolidated  areas  it  is  composed  of  closely  packed  polymorphonu- 
clear leucocytes  most  of  which  are  loaded  with  bacteria,  so  that  they 
appear  as  little  balls  of  organisms.  Among  them  are  relatively  few  red 
corpuscles,  but  there  are  many  small  mononuclear  cells,  such  as  have  been 
described  in  preceding  cases,  with  a  finely  granular  neutn^hile  or  acido- 
phlle  cytoplasm  and  a  deeply  stained,  solid,  small,  round  nucleus.  These 
are  but  slightly  phagocytic  for  bacteria.  There  are  also  some  of  the  larger 
mononuclears  with  relatively  basophilic  faintly  granular  or  vacuolated 
protoplasm. 

Fibrin  is  not  especially  abundant  and  is  distributed  in  relation  to  changes 
in  the  alveolar  walls.  It  seems  that  there  is  little  evidence  for  Ribbert's 
view  that  bacteria  are  especially  abundant  toward  the  ductulus  while 
fibrin  is  more  abundantly  produced  in  the  marginal  portions  of  the  respira- 
tory unit.  In  this  lung,  on  the  contrary,  the  formation  of  fibrin  seems 
to  be  associated  with  thromboses  of  the  capillaries  of  the  alveolar  walls. 
Most  {A  the  capillaries  of  the  alveolar  walls  are  intact  and  are  evidently 
transporting  fluid  blood,  but  some  in  the  network  are  plugged  with 
hyaline  flbrin  thrombi.  A  surface  view  of  an  alveolar  wall  may  show  most 
of  the  channels  open  while  one  is  thus  obstructed,  but  in  the  commoner 
sectional  view  of  the  alveolar  walls  one  sees  either  intact  ci^illaries  or  a 
complete  obstruction  of  the  blood  flow.  From  these  thrombosed  areas 
leucocytes  are  seen  in  process  of  emigration,  while  none  actually  appear 
to  be  entering  the  alveoli  from  the  intact  capillaries.  From  the  hyaline 
fibrin  thrombi  there  also  radiates  a  network  of  fibrin  in  filaments  into  the 
alveolus  (Figs.  14  and  16),  so  that  one  may  expect  to  find,  in  the  centre 
of  the  foci  of  flbrin,  a  stretch  of  thrombosed  capillary.  They  are,  however, 
so  abundant  that  in  some  plaoes  the  fibrin  becomes  a  omfiuent  network. 

Examination  of  the  exudate  with  various  stains  reveals  a  surprising 
condition,  since  with  the  Goodpasture-Weigert  stain  there  are  relatively 
few  Oram-positive  pneumococci  to  be  seen.  There  are  some,  it  is  true, 
which  are  imperfectly  stained  or  quite  unstained,  but  still  recognizable  by 
their  form,  but  the  leucocjrtes  are  full  of  faintly  stained  Qram-negative 
coccoid  forms.  With  the  Qiemsa,  Wright  or  Wilson  stain  on  the  other  hand, 
the  intra-alveolar  leucocytes  are  seen  to  be  packed  and  loaded  with  well 
defined  deeply  stained,  small,  round  cocci,  so  that,  as  stated  above,  many 
of  them  look  like  little  balls  of  organisms.  It  is  with  such  stains  quite 
difficult  to  find  the  pneumococd,  which  can,  however,  be  recognized  by  their 
form  and  their  larger  size.  Occasionally  large  cells  are  found  stretched 
along  the  alveolar  wall  loaded  with  these  coccoid  forms.  In  smears  from 
the  lung  these  Gram-negative  cocci  are  very  numerous,  together  with  the 
pneumococci. 

In  Case  222  similar  crowded  coccus-like  granules  were  seen  and  it  was 
doubtful  whether  they  were  granules  or  organisms.    Here  it  seems  almost 
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certain  tbat  they  are  organiflma,  although  they  w^re  not  recognised  In 
coltnree. 

Cabb  230.— R.  F.  Onset  on  September  26, 1918,  with  goieral  pains,  ferer, 
bnt  no  diills  or  oongh.  The  patient  was  admitted  to  the  hospital  on 
September  29  with  scnre  throat,  dyq^inoea  and  pain  in  the  sida  Cyanosis 
was  marked.  Byes  sonken,  conjunctivn  inflamed;  pain  in  right  chest 
with  bronchial  breathing.  Breath  sounds  exaggerated  on  left  side. 
Delirium,  deeper  cyanosis  and  stertorous  breathing.  Temp.  100-104.6*. 
PuhM  108-160.  Resp.  32-60.  Died  October  1,  1918,  at  12.40.  Autopsy  four 
hours  later. 

Anatomical  DiagnoMU.— Bilateral  oonfnent  lobular  pneumonia  wUh 
flbrinoui  pleuritii.    Ulceration  of  vocai  cord$. 

Rectu$  mu9cle$  normal. 

The  left  pleura  contains  about  5  c.  c  of  fluid  with  some  floating  fibrin. 
The  surfaces  are  in  general  smooth  and  glistening,  but  there  are  scnne 
rough,  prominent  nodules  in  the  posterior  part  of  the  lung. 

The  right  pleura  contains  about  150  c.  c.  of  turbid,  brown  fiuid.  The 
surfaces  are  dulled  by  an  exudate  of  fibrin. 

The  left  lung  shows  that  the  upper  lobe  is  air-containing  aboye  and  below, 
but  in  its  central  part  shows  several  projecting  nodules  which  are  firm, 
dark  red,  flecked  with  haranorrhage  and  rough  cm  the  surface.  On  section 
the  upper  lobe  is  air-containing  except  for  these  patches  which  show  in 
the  central  part  elevated  lobules  with  red  grey,  dull,  opaque  sur&ces  sur- 
rounded by  a  hypersemic,  hsdmoniiagic  and  more  oedematous  sone  which 
slants  down  to  the  air-containing  lung.  Plugs  of  exudate  project  from  the 
more  solid  central  parts.  In  the  lower  lobe  there  is  a  patch  of  consolidation 
placed  somewhat  anteriorly,  measuring  about  6  emu  in  diameter.  The 
central  part  is  grey  and  rough,  the  periphery  red  and  OBdematous.  The 
bronchi  are  quite  deeply  reddened  and  their  lining  covered  by  a  thin, 
greyish  film. 

The  right  lung  is  very  large  and  heavy.  The  anterior  part  of  the  upper 
lobe  is  air-containing,  but  there  is  a  large  central  area  of  consolidation 
which  on  section  is  found  to  be  made  up  of  a  number  of  lobules  whicl^ 
are  rigidly  consolidated  with  projecting  plugs  of  exudate.  Round  about 
this  for  a  rather  wide  area  there  is  hyperemia  with  OBdema  so  that  the 
tissue  contains  no  air.  The  middle  lobe  is  almost  entirely  consolidated 
and  is  very  large.  The  lower  lobe  is  completely  consolidated  except  for  a 
small  paravertebral  portion  which  contains  air.  On  section  the  lower  and 
middle  lobes  show  irregular  ramifying,  elevated  patches  of  consolidation 
which  are  dry,  (q;>aque  and  dark  purple  mottled  with  greyish  red  and  flecked 
with  projecting  yellow  plugs  of  exudate.  Round  this  and  less  elevated, 
there  is  a  marginal  zone  of  greyish  pink  consolidation  which  is  much 
smoother  and  which  extends  to  the  surface  of  the  lung. 

The  organs  of  the  neck  are  in  general  normal,  but  there  are  distinct 
minute  ulcerations  iUK>n  the  edges  of  the  vocal  cords  and  an  area  of  in-* 
flammation  with  grey,  necrotic  centre  below  the  cord  on  the  right  side. 
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Cultures  show  a  Pneumococcus  Tjrpe  IV,  in  both  lungs,  right  plenra, 
heart  and  pericardium,  but  in  addition  there  were  gram-poeitive  bacilli  in 
the  lungs  and  Gram-negative  bacilli  in  the  pleura,  heart's  blood  and  peri- 
cardium. The  nature  of  these  bacilli  does  not  appear.  Sections  from  the 
larynx  show  large  numbers  of  what  appear  to  be  Pfeifler's  influenza  bacilli, 
together  with  staphylococci  and  large  Qram-negative  bacilli.  Those  from 
the  lung  show  only  pneumococci,  but  these  in  great  numbers.  Smears 
from  the  lung  show  typical  pneumococci  apparently  in  pure  culture,  so 
that  it  seems  that  the  bacilli  reported  there  in  cultures  must  haye  been  a 
contamination. 

Microscopical  Examin<Uion, — The  pleura  is  not  especially  thickened,  but 
is  covered  by  a  thin  layer  of  fibrin  with  many  red  corpuscles.  The  inter- 
lobular septa  are  broadened  by  accumulations  of  fluid  with  flbrin  and  blood, 
together  with  abundant  leucocytes  and  mononuclear  wandering  cells.  The 
lymphatics  are  greatly  dilated  and  are  full  of  leucocytes  often  containing 
pneumococci  and  many  mononuclear  cells  which  act  as  phagocytes  and 
enclose  the  bodies  of  leucocytes.  These  cells  have  pale  vesicular  nuclei 
and  show  no  granules  with  Giemsa's  stain.  The  bronchial  walls  are  some- 
what (edematous,  but  not  especially  infiltrated  with  cells.  Their  lym- 
phatics are  greatly  distended  with  cellular  exudate.  The  epithelium  is  low 
and  flat,  but  it  is  continuous  all  around.  The  bronchi  contain  a  purulent 
exudate  in  which  pneumococci  are  the  predominant  organisms^  but  there 
are  some  leucocytes  which  contain  small  Gram-negative  cocci.  Indeed 
in  Bome  branches  these  are  present  in  very  great  numbers  so  that  nearly 
every  leucocyte  contains  a  few  and  some  are  packed  with  them.  They  are 
often  arranged  in  pairs,  sometimes  in  fours.  It  may  be  observed  here  that 
these  Gram-negative  cocci  cannot  be  found  in  the  alveoli  although  the 
pneumococci  are  present  in  very  large  numbers. 

The  consolidation  of  the  lung  substance  varies  in  density.  In  some  areas 
the  alveoli  are  completely  packed  with  masses  of  partly  disintegrated 
leucocytes  among  which  little  blood  and  only  scanty  r^nains  of  mononu- 
clear cells  are  found.  Other  areas  are  filled  with  an  exudate  made  up* 
almost  entirely  of  blood  with  few  leucocytes.  About  these  areas  there  are 
zones  in  which  the  alveoli  contain  only  fluid  with  a  few  leucocytes  en-' 
tangled  in  a  network  of  flbrin.  Pneumococci  are  present  in  enormous 
numbers  in  some  places,  closely  packed  in  leucocytes  and  scattered  free, 
while  in  other  places  they  are  less  abundant  and  more  diffusely  scattered. 
The  alveolar  walls  have  in  most  places  retained  their  epithelium.  Where 
the  exudate  is  most  densely  packed  they  are  stretched  out  and  narrow  and 
seem  to  allow  the  passage  of  very  few  corpuscles.  But  in  almost  every  part 
of  the  lung  the  alveolar  capillaries  are  frequently  plugged  by  a  material 
which  takes  the  flbrin  stain  and  becomes  continuous  with  radiating  strands 
of  flbrin  which  extend  out  into  the  alveolL  The  circulation  in  the  ci4>il- 
laries  stops  sharply  at  these  hyaline  thnmibi.  Leucocytes  in  these  parts 
of  the  alveolar  wall  are  distorted  and  appear  to  be  emigrating  or  possibly 
moving  into  the  injured  area. 
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Careful  search  for  sources  of  hssmorrhage  in  the  alveolar  walls  of  those 
parts  which  are  especially  filled  with  blood  shows  no  obvious  breaks  in  the 
capillaries.  Certainly  one  is  not  given  the  impression  that  any  gross 
rupture  of  capillaries  exists  or  that  necrosis  of  the  alveolar  wall  has 
occurred  as  has  been  suggested  by  several  authors.  Indeed*  where,  as  in 
the  thrombosed  capillaries  the  injury  seems  greatest,  there  is  no  hemor- 
rhage. 

The  ulceration  of  the  vocal  cord  is  shallow  but  associated  with  much 
oedema  of  the  underlying  tissue.  Various  kinds  of  organisms  are  found  in 
the  ulcer,  especially  swarms  of  gram-negative  cocci  and  small  bacilli. 
There  are  few  pneumococci. 

AUTOPBT  5712.— K.  C.  C.  Age  22  years.  Admitted  October  1,  1918.  Had 
been  sick  five  days.  Onset  with  headache,  general  aching,  malaise,  fever 
and  dry  cough  with  slight  expectoration.  After  admission  to  hospital  pro- 
fuse mucopurulent  greenish  sputum  which  became  slightly  blood-tinged. 
Bright  red  injection  of  larynx  and  palate.  Slight  dullness  over  right  lower 
lobe  with  many  rftles.  Spleen  not  enlarged.  Temp.  104.2''.  P.  100. 
Resp.  22.  Leucocytes  3240.  Died  October  6,  1918.  Autopsy  two  hours 
after  death. 

Anatomical  DiagnoHs. — Clinical  history  of  influenza.  Acute  fihrino- 
purulent  iracheo-hronchitiM;  confluent  lobular  pneumonia;  bilateral  fibrin- 
ous pleurisy. 

Rectus  muscles  normaL 

The  left  pleura  contains  80  c.  c.  of  cloudy  fluid.  There  is  a  thin  deposit 
of  fibrin  over  the  lateral  and  posterior  surface  of  the  lung. 

The  right  pleura  contains  30  a  c.  of  cloudy  fiuid.    Surfaces  slightly  dulL 

Left  Lung. — Pleural  surfaces  roughened  by  thin  d^;K)sit  of  fibrin.  The 
lower  and  posterior  half  of  the  upper  lobe  almost  completely  consolidated. 
On  section  many  large  irregular  areas  show  a  greyish  pink,  finely  granular 
surface,  while  between  these  areas  the  tissue  is  of  a  dark  red  color,  airless 
but  not  firuL 

RiglU  Lung. — ^Pleural  surface  posteriorly  has  lost  its  gloss.  The  lower 
lobe  is  almost  completely  consolidated  and  rather  firm.  On  section  much 
greyish  red  purulent  fiuid  covers  the  surface,  which  is  dark  red  with  a 
few  small  greyish  red  patches.  Posterior  and  lower  third  of  the  upper 
lobe  almost  completely  consolidated  and  also  dark  red  on  section.  Middle 
lobe  air-containing.  Bronchi  filled  with  a  thin,  blood-stained,  turbid  fiuid. 
Their  mucosa  much  congested. 

The  lymph  glands  at  the  hilum  are  large  and  soft  and  present  some 
hemorrhage.  The  trachea  contains  blood-stained  turbid  fiuid.  The 
mucosa  is  swollen  and  congested  and  its  surface  4X>vered  by  a  thin  fibrino- 
purulent  membrane.    The  tonsils  are  not  altered. 

Cultures  from  the  blood,  lungs  and  pleural  fiuid  show  Pneumococcus  IV. 

Microscopic(a  Examination.— The  pleura  has  lost  some,  if  not  all,  of  its 
covering  cells,  but  there  is  no  abundant  layer  of  fibrin.  The  membrane 
is  slightly  (Bdematous  and  its  lymphatics  are  distended  with  fluid  loaded 
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with  pnenmococci.  The  interlobular  septa  are  very  wide,  their  tissues 
spread  iqiart  by  oedema.  There  are  few  cells  to  be  found  there,  but  in 
places  great  quantities  of  pnenmococci.  The  bronchi  hare  in  places  lost 
their  epithelium.  They  are  filled  with  fluid  containing  relatively  few 
leucocytes  except  in  areas  of  dense  consolidation  where  they  are  numer- 
ous; but  the  lymphatics  in  their  walls,  as  also  in  the  walls  of  the  Uood- 
yeesels  and  in  the  septa,  are  full  of  pneumococci.  There  is  no  especial 
dilatation  of  the  ductuli  alveolares.  The  alveoli  are  widely  distended  in 
places  with  fluid,  elsewhere  with  a  coagulated  exudate  composed  of  rela- 
tively few  red  corpuscles  with  many  polymorphonuclear  leucocytes  and 
many  small  round  mononuclear  cells  with  a  deeply  stained  solid-looking 
nucleus.  In  the  oedematous  areas  the  fluid  is  loaded  with  pneumococci. 
Very  few  leucocytes  are  gathered  there.  In  the  more  densely  consolidated 
parts  the  more  numerous  leucocytes  are  very  actively  phagocytic  but  they 
are  largely  disintegrated  or  ragged.  Pneumococci  are  not  nearly  so  abun- 
dant in  these  areas  and  they  ai^ear  to  have  become  fragmented.  On  the 
other  hand  many  of  the  leucocsrtes  are  loaded  wiUi  small  rounded  Gram- 
negative  coccus-like  forms  generally  in  pairs,  sometimes  in  fours.  These 
stain  bright  blue  with  Wilson's  stain  and  are  curiously  infrequent  outside 
of  cells.  Nothing  corresponding  with  this  grew  in  the  cultures  and  this 
same  observation  ai^lies  to  several  other  cases.  The  nature  of  these 
organisms— for  from  their  morphology  and  behavior  they  seem  to  be 
bacteria— cannot  be  determined. 

In  some  places  the  consolidation  seems  especially  firm  and  there  is  a 
dense  network  of  fibrin  running  through  and  filling  the  alveoli.  In  these 
places  the  capillaries  in  the  alveolar  walls  contain  a  dense  fibrin  plug 
which  extends  to  obstruct  many  of  the  channels  in  the  alveolar  walls. 
In  other  less  intensely  affected  portions  the  ci^illaries  are  quite  open. 

Group  d.-'-Cases  in  which  a  peculiar  and  characteristic  pulmonary 
lesion  is  due  to  an  overwhelming  infection  with  Streptococcus  h(Bmo- 
lyticus. 

Casb  219.— O.  M.  M.  Onset  on  September  18,  1918,  with  headadie,  light- 
headedness, pain  in  abdomen.  The  patient  developed  backache,  cough  and 
bloody  expectoration,  pains  in  chest,  no  nausea,  vomiting  or  diarrtiOBa,  no 
definite  chills,  but  chilly  sensations.  Entered  hospital  September  23. 
Throat  and  conjunctiva  congested.  Delirious.  No  physical  examination 
made.    Died  September  28  at  6.25  p.  m. 

Rl/wuf  rf/M£«if Differential  eonnt 

mooa  C/OIMir.—  Leucocytes       Polym.       8.  M.        L.  If.       Tr. 

September  23 7150  53  37  11 

September  26 10700  45  89  15      leos. 

Autopsy  20  hours  later. 

AnatomUM  Diagnosis.— Confiuent  lobular  pneumonia  (right).  Intersti- 
tUa  emphysema  of  Iwngs. 
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The  left  pleural  cavity  oontains  about  100  cc.  of  blood-ntained  fluid. 
The  surfaoee  are  smooth  and  glistening. 

The  right  pleural  cavity  contains  a  similar  amount  of  similar  fluid.  Its 
surfaces  are  also  smooth  and  glistening,  although  there  is  some  brownish 
stain  and  p^haps  a  few  hsemorrtiages  on  the  diaphragmatic  surface. 

The  left  lung  is  voluminous,  blood-stained  in  the  postericHr  part,  but 
ererywhere  air-containing.  There  is  emphysema  of  the  interlobular  tissue. 
The  bronchi  are  somewhat  blood  stained. 

The  right  lung  is  very  Toluminous  and  heavy.  Its  interlobular  septa 
are  distended  with  gas  bubbles  especially  alimg  the  anterior  margins.  The 
anterior  part  of  the  ui^^r  lobe  is  airKM>ntaining,  the  whole  post^ior  part 
oonsolidated.  The  whcrfe  middle  lobe  and  the  anteri<Hr  part  of  the  lower 
lobe  are  air-containing,  but  the  whole  posterior  part  of  the  lower  lobe  is 
consolidated.  On  section  the  consolidated  part  of  the  upper  lobe  is  almost 
black  and  uniform.  It  is  difficult  to  see  any  outlines  of  the  lobules  or  the 
alveolar  marking.  The  lower  lobe  shows  the  wide  interlobular  septa  dis- 
tended with  blood-stained  fluid  running  across  the  lung.  The  area  of  con- 
solidation is  greyish  brown  in  color  and  opaque,  mottled  with  darker  red. 
The  consolidation  is  uniform,  rather  spongy  and  without  ccmspicuous 
alveolar  i^ugs.    The  bronchi  are  deeply  blood-stained. 

The  other  organs  iqipear  normal,  although  there  is  a  gen^^  blood- 
staining  which  extends  through  the  walls  of  veins  to  the  surrounding 
tissue. 

Oulturei  from  lungs,  pleura,  heart's  blood  and  spleen  show  Streptococcus 
hsmolyticus  in  pure  cultura 

Microscopical  ExaminatUm, — ^The  sections  from  the  left  lung  are  practi- 
cally normal. 

Those  from  the  consolidated  areas  of  the  right  lung  show  great  swelling 
and  infiltration  of  the  pleural  membrane  in  which  the  superficial  layer  is 
lifted  away  from  the  inner  layer  of  Mastic  tissue  by  an  accumulation  of 
fluid  which  is  loaded  with  tangled  chains  of  streptococci.  The  inter- 
lobular septa  are  widened  and  (edematous  with  relatively  few  wandering 
cells,  but  great  numbers  of  coed.  The  whole  tissue  is  necrotic  with  the 
exception  of  the  walls  of  some  of  the  larger  blood-vessels  and  a  few  cells 
of  the  c(xinectlve-tissue  framework.  It  is  all  undisturbed  as  far  as  the 
position  of  the  alveolar  walls  and  other  structures  is  concerned,  but  there 
is  practically  no  nuclear  staining.  The  bronchi  contain  a  granular 
necrotic  exudate  composed  chiefiy  of  leucocytes  and  shadows  of  blood 
corpuscles,  and  loaded  wiUi  streptococci.  The  walls  have  lost  all  their 
epithelium.  They  may  be  infiltrated  with  leucocytes  which  have  become 
necrotic^  but  these  are  masked  by  the  feltwork  of  streptococci  which  in 
many  cases  lines  the  lumen  and  extends  into  the  lymphatics.  The  same 
is  true  of  the  walls  of  many  blood-vessels  in  which  the  lymphatics  are 
packed  with  streptococci. 

The  ductuli  alveolares  are  not  conspicuous  and  appear  to  contain  leu- 
cocjrtes  and  blood.  The  alveoli  are  distended  with  an  exudate  composed  of 
necrotic  leucocytes,  shadows  of  red  corpuscles  and  very  little  fibrin.    Their 
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walls  are,  as  already  stated,  practically  quite  necrotic.  The  capillaries 
contain  occasional  intact  red  corpuscles,  but  most  of  them  are  filled  with 
a  homogeneous  hyaline  material  which  appears  to  haye  resulted  from  the 
agglutination  of  red  corpuscles.  All  the  red  corpuscles  in  the  alveoli  have 
be^i  laked  and  the  deep  red  color  must  have  been  due  to  staining  of  the 
necrotic  tissue  with  hemoglobin.  The  alveoli  contain  myriads  of  strep- 
tococci in  chains.  They  are  almost  filled  with  a  tangled  network  of  these 
chains  and  in  places  are  nearly  solidly  packed  with  this  tangle.  No  other 
organisms  are  visible  and  search  for  the  influenza  bacillus  gives  no  result. 
The  other  organs  show  no  especial  abnormality  except  that  streptococci 
in  small  masses  are  to  be  found  in  the  substance  of  the  H»leen  and  of  the 
adrenals  and  probably  elsewhere.  These  masses  are  surrounded  by  necrotic 
tissue.  Possibly  the  lapse  of  20  hours  between  the  time  of  death  and  the 
autopsy  may  have  produced  an  increase  in  numbers  of  these  organisms. 
The  bone-marrow  of  the  femur  is  almost  entirely  fatty  with  little  ^idence 
of  hyperplasia. 

Case  6720. — ^A.  H.  C.  Aged  30  years.  Onset  on  September  27,  1918,  with 
chill,  pain  in  the  back  and  headache,  prostration  and  fever.  The  next  day 
the  patient  was  much  better  and  seemed  well  until  October*  3,  when  he  had 
another  severe  chill  and  went  to  bed  with  a  temperature  of  104"*.  The 
throat  felt  raw  and  he  had  a  slight  cough.  There  was  congestion  of  the 
pharynx  and  of  the  skin  of  the  face  and  thorax.  Leucocytes  4680.  ^ight 
impairment  of  resonance  over  right  lower  lobe  on  October  7;  abundant 
r&les  on  October  10,  with  suppression  of  breath  sounds,  cyanosis  and  de- 
lirium. On  October  12  definite  consolidation  of  the  lower  lobes.  Leucocytes 
10,200.  On  October  13  cyanosis  and  collapse.  Temperature  102.2*.  Died 
October  13.    Autopsy  three  hours  later. 

Anatomical  DiagnoHs. — Confluent  lobular  pneumonia. 

The  left  pleural  cavity  contains  no  excess  Gt  fiuid.  The  surfaces  are 
smooth  and  glistening. 

The  right  pleural  cavity  contains  300  c.  a  of  blood-stained  fiuid.  The 
surfaces  are  widely  covered  by  an  exudate  of  filHrin  which  binds  together 
the  lobes. 

The  left  lung  is  smooth,  superficially,  and  weighs  900  grams.  It  shows 
large  areas  of  consolidation  which  are  dense  and  dark  greyisli  red  where 
they  show  through  the  pleura.  These  are  found  especially  in  the  lower 
portion  of  the  upp^  lobe  and  the  posterior  portion  of  the  lower  lobe.  On 
section  the  cut  surf^u»  oozes  a  great  amount  of  dark  red  fiuid  which  con- 
tains no  air.  The  more  solid  areas  are  not  prominent  and  not  very  firm. 
The  most  striking  feature  lies  in  the  presence  of  the  extreme  oedema. 

The  right  lung,  which  is  covered  with  fibrinous  exudate,  weighs  1900 
grams  and  is  very  bulky  and  heavy.  The  consolidation  is  more  wide- 
spread than  in  the  left  and  occupies  most  of  the  posteriw  portion.  On 
section  these  areas  are  firmer  than  the  surrounding  tissue,  are  dark  red 
in  colCHT,  and  allow  the  escape  of  great  quantities  of  dark  red  fluid.  The 
intervening  lung  substance  is  also  oadematous  and  almost  airless. 
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The  trachea  is  deflnitelj  reddened  and  contains  a  red  foamy  flnld. 

CMltur€9  from  the  Uood,  long,  pleural  fluid  and  pericardial  fluid  and 
trachea  show  Streptococcus  hemolyticns  alone. 

Microicopioal  Examinaiian, — ^The  sectiims  of  the  lung  show  prominently 
an  extraordinary  oedema,  an  oyerwhelming  number  of  streptococci  and  an 
almost  comidete  necrosis  of  the  tissue.  The  OBdema  thickens  the  pleura 
and  the  interlobular  septa.  The  lymphatics  are  especially  conspicuous  by 
their  great  dilatation  and  the  bronchial  and  vascular  walls  are  spread 
apart.  Ehren  the  alTedar  walls  are  very  thick,  not  from  an  infiltration  of 
cells  or  new  formation  of  tissue,  but  from  aa  accumulation  of  fluid.  The 
epithelium  of  the  bronchi  is  in  large  part  desquamated.  The  bronchioles, 
ductuli  and  alveoli  contain  a  thick  fluid  which  is  coagulated  on  fixation 
in  a  coarse  beaded  network  or  in  the  form  of  a  fine  froth.  It  is  rather 
r^ractive  and  takes  a  deep  stain  with  eosin.  Thwe  are  relatively  few 
leucocytes  in  the  alveoli  and  most  of  these  are  loaded  with  streptococcL 
Many  of  them  stain  fairly  well,  although  the  epithelium  of  the  alveolar 
walls  is  lost  or  necrotic  and  the  walls  themselves  in  many  places  show  no 
nuclei  or  only  pale  shadows  of  the  nuclei  of  connective-tissue  cells.  There 
is  little  blood  in  the  exudate,  but  the  walls  of  the  alveoli  are  covered  with 
a  thick  layer  of  bacteria  which  sometimes  almost  fill  the  cavity.  The 
bronchi  and  lymphatics  and  even  the  substance  of  the  tissue  itself  are  all 
loaded  with  streptococcL    No  other  organisms  are  seen. 

Cask  6134. — C.  J.  Aged  25  years.  Had  been  in  hospital  for  an  operation 
for  hypospadias  since  November  19,  1919.  On  January  16,  1920,  the  tem- 
perature began  to  rise  with  sore  throat  and  cough.  On  January  24  the 
temperature  was  104 *",  when  evidences  of  bronchopneumonic  consolidation 
were  observed.  On  January  26  1800  c.  c.  of  clear  fluid  were  ai^iirated  from 
the  left  thorax.  On  January  28  a  large  amount  of  pus  was  evacuated  from 
the  left  i^eura  by  thoracotomy.  The  patient  died  January  30.  Autopsy 
ten  hours  after  death.  This  was  in  the  course  of  the  epidemic  of  influenza 
and  the  clinical  impression  was  influenza  with  empyema. 

Anatomical  Diagno»i9i. — BUat^Brai  lobular  pneumonia  with  unilateral 
empyema;  congenital  malformation  of  genitourinary  orgam. 

The  left  pleura  contains  10  c.  c  of  flbrinopurulent  exudate,  and  there  is 
a  thin  purulent  exudate  covering  the  surface  of  the  lung. 

The  right  pleura  is  free  from  fluid  and  its  serous  surfaces  are  smooth 
and  glistening. 

Left  Lung. — ^The  upper  lobe  is  air-ccmtaining  except  for  a  few  flrm  areas 
in  its  lower  portion.  The  lower  lobe  is  almost  entirely  consolidated  and 
flrm.  Its  surface  is  covered  by  a  thin  purulent  exudate.  On  section  the 
cut  surface  of  the  upper  lobe  is  normal  in  appearance  except  for  circum- 
scribed, red,  elevated  areas  in  its  lower  portion.  On  the  cut  surface  of 
the  lower  lobe  the  bronchi  are  injected  and  fllled  with  a  flbrinopurulent 
exudate.  Many  of  the  small  branches  of  the  pulmonary  vessels  are  fllled 
with  thrombi  near  the  surface  of  the  lung.  The  pulmonary  tissue  presents 
numerous  almost  confluent  areas  of  consolidatiim  which  are  greyish  red, 
slightly  elevated,  rather  dry  and  flnn. 
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The  right  lung  is  not  so  heayy  as  the  left  Its  soiface  is  glistaiinir 
eyerywhere  and  no  consolidated  areas  can  be  felt  in  the  two  upper  lobes. 
The  lower  lobe,  however,  is  almost  entirely  consolidated  and  on  section 
presents  many  red,  elevated,  circumscribed  areas  which  contain  no  air 
and  are  definitely  consolidated. 

CuUurea  showed  Streptococcus  hsmolyticus  in  both  lungs. 

Microscopical  Examination. — ^The  sections  take  a  very  faint  stain  and 
the  tissue  is  found  to  be  very  soft  and  easily  disintegrated.  The  pleura 
looks  dull  without  overlying  layer  of  fibrin,  but  is  infiltrated  with  bacteria. 
The  interlobular  septa  are  in  genwal  not  wide,  but  the  lymphatics  are  very 
greatly  distended  with  leucocytes  and  bacteria.  This  is  true  wherever 
they  are  found.  The  bronchi  have  lost  their  mucosa  and  are  lined  or 
rather  filled  with  a  necrotic  and  fibrinous  mass  loaded  with  bacteria. 
They  and  the  blood-vessels  seem  fairly  isolated  by  the  enormous  dilated 
lymphatics  in  their  walls.  The  alveoli  are  collapsed  or  distended  with 
fiuid.  Their  walls  are  indefinite  in  outline  with  cmly  an  occasional  faintly 
staining  nucleus.  In  whole  areas  the  tissue  is  practically  completely 
necrotic  There  is  little  cell  exudate,  a  few  leucocytes  and  desquamated 
epithelial  cells  with  ragged  shreds  of  fibrin,  and  there  is  no  characteristic 
dilatation  of  the  ductuli.  The  alveolar  spaces  contain  chiefiy  a  fiuid  which 
in  places  seems  gelatinous  and  thick,  because  it  coagulates  on  fixation  into 
a  dense  pink-staining  material.  Blsewhere  it  assumes  a  granular  and 
reticular  form.  Bverywhere  there  is  a  little  hemorrhage  and  since  so 
many  of  the  alveoli  contain  no  red  corpuscles  it  may  be  suspected  that  the 
density  and  pink  staining  of  the  fiuid  are  partly  due  to  hflemolysis. 

Streptococci  in  tangled  clumps  of  long  chains  are  present  everywhere, 
apparently  in  unmixed  culture.  They  fioat  free  in  the  fiuid  in  the  alveoli 
or  are  massed  together  in  the  lymphatics  and  in  the  bronchL 

Casb  6142.— K.  M.  Aged  29  years.  Onset  on  Pebruary  4,  1920,  with 
general  malaise,  corysa  and  slight  cough,  aching  pains  in  Joints  and 
muscles.  On  February  6  severe  pain  in  right  chest  with  dyspnoea ;  severe 
chills,  high  fever  and  blood-tinged  stools.  Brought  into  the  hoq^ital  in 
extrefni$.  Temp.  104<».  P.  160.  Reap.  60.  Leucocytes  7400.  Dy^noea, 
cough,  expectoration  of  bloody,  frothy  fiuid.  Severe  abdominal  pain  and 
deep  cyanosis.  Blood-stained  fiuid  discharged  from  the  nose,  and  the 
mouth  and  pharynx  are  filled  with  frothy  blood  as  the  patient  iMreathes. 
Death  Pebruary  8.   Autopsy  23  hours  later. 

Anatomical  Diagno8ia.—Ajcute  confluent  lobular  pneumonia  uHth  osdema 
and  generalized  hlood^taining. 

The  left  pleura  conUins  about  160  c.  c.  of  fiuid  which  looks  like  almost 
pure  blood.    The  surfaces  are  roughened  by  old  adhesions. 

The  right  pleura  is  also  partly  obliterated  by  old  adhesions  and  contains 
200  c  c.  of  fiuid  which  looks  like  pure  blood.  The  pericardial  cavity  con- 
tains 200  c  o.  of  blood-stained  fiuid. 

The  left  lung  is  wet,  easily  torn,  and  most  of  it  can  be  incompletely* 
blown  up  with  air.    On  section  the  cut  surface  about  the  bronchi  is  very 
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oBdematoos.  In  the  apper  as  well  as  the  lower  lobe  the  bronchi  are  de^ly 
reddened  and  contain  frothy  fluid.  The  tissue  is  Uood-stained  about  all 
the  larger  yeesels.  The  uppermost  part  of  the  upper  lobe  is  easily  dis- 
tended with  air.  The  lower  part  is  dark  red  and  appears  to  be  loosely 
consolidated.  In  the  lower  lobe  the  cut  surface  is  in  general  smooth  and 
there  are  patches  throuc^out  which  can  be  distended  with  air,  but  there 
are  also  patches  which  are  greyish  red  in  contrast  to  the  bright  red,  air^ 
oontaining  portion.  They  are  not  roughened  and  seem  to  contain  a  little 
air,  but  are  firmer  than  the  surrounding  tissue.  There  are,  therefore,  no 
definite  rigid  areas  of  consolidation,  but  only  a  diffuse  oedema  with  blood- 
staining,  and  a  partial  consolidation. 

The  right  lung  is  almost  entirely  covered  with  adhesions  in  the  anteric^ 
portion.  The  posterior  surface  is  deep  purple,  oedematous  looking,  but 
smooth.  There  are  no  definite  h»morrhages  on  the  surface,  but  therie 
are  a  few  between  the  lobes.  The  posterior  part  of  both  lobes  is  heary 
and  boggy^  as  though  filled  with  fluid.  The  interlobular  septa  are  con- 
spicuous as  deeply  blood-stained  lines.  On  section  the  posterior  part  of 
the  upper  lobe  is  dark  red  and  very  moist,  in  these  respects  contrasting! 
wiUi  the  dry,  paler,  air-containing  anterior  part  The  dark  red  tissue  is 
elastic,  quite  satiny  and  smooth  on  section,  but  oosEes  a  bloody  fluid.  In 
the  lower  lobe  the  bronchi  are  dark  red,  containing  a  frothy  fluid.  The 
lung  substance  apparently  contains  a  little  air  since  there  are  small  pale 
areas  scattered  about,  but  in  general  it  is  deep  red  in  color  and  the  cul| 
surface  nowhere  roughened.  The  bronchial  glands  are  very  moist,  but  are 
not  enlarged. 

OnltureM  from  the  heart's  blood,  lungs,  pleural  cavities,  trachea  and  from 
the  pharynx  show  Streptococcus  hsmolyticus.  The  influenza  bacillus  is 
associated  with  this  in  the  lungs,  trachea  and  pharynx,  and  in  the  trachea 
there  is  also  Sti^hylococcus  aureus. 

Microtcopical  Examination.— The  pleura  shows  no  fibrinous  exudate,  but 
is  thrown  up  into  wrinkles  and  much  thickened.  The  interiobular  septa 
are  not  especially  conspicuous,  but  the  adventitial  walls  of  the  brondbi 
and  blood  vessels  are  enormously  widened  by  oedema. 

The  bronchi  have  lost  their  epithelium  and  the  underlying  tissue  is 
OMlematous  with  a  hyaline  thickening  of  the  basement  membrane.  The 
ductuli  are  not  dilated.  The  alveolar  walls  are  everywhere  practically 
necrotic  in  that  all  the  epithelium  has  disappeared,  and  while  the  outlines 
of  the  capillaries  can  generally  be  distinguished,  relatively  few  nuclei  take 
any  stain  and  those  stain  but  palely.  The  alveoli  are  all  filled  with  granu- 
lar coagulated  fiuid  practically  altogether  without  cells  except  for  a  few 
partly  laked  red  corpuscles  and  some  debris  of  epithelium.  The  blood  in 
the  capillaries  and  smaller  venules  iq^pears  disintegrated  or  in  shadow 
form.  All  the  oedematous  tissue  and  the  fiuid  in  the  alveoli  and  brondii 
are  loaded  with  streptococci.  The  thickened  pleura  is  densely  packed  with 
them.  Mixed  with  the  streptococci  are  large,  stout,  Gram-positive  bacilli 
in  considerable  numbers.  The  part  played  by  these  in  producing  the 
necrosis  and  haemolysis  is  uncertain,  and  since  they  failed  to  grow  in  the 
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coltarea  it  is  difficult  or  impoBsible  to  say  what  they  are.  It  iq>pear8» 
howeyer,  from  analogy  with  other  cases  of  streptococciis  Infection  that  the 
destructive  effects  were  essentially  due  to  the  streptococci. 

In  these  four  cases  there  is  no  confusion  about  the  nature  of  the 
bacterial  invasion  since  cultures^  smears  and  sections  show  in  over- 
whelming numbers  Streptococcus  hasmolyticus  without  any  other 
organisms.  The  anatomical  changes  are  so  much  alike  and  so  peculiar 
that  it  seems  fairly  safe  to  assume  that  this  is  the  characteristic  result 
of  the  invasion  of  the  hsamolytic  streptococcus  in  the  lungs  of  persons 
ill  with  influenza.  Something  resembling  this  in  a  slight  degree  was 
found  in  a  few  cases  in  the  previous  epidemic  of  measles  in  which  so 
many  died  of  a  pneumonia  caused  by  a  secondary  invasion  of  the 
haemolytic  streptococcus,  but  in  that  epidemic  most  of  the  cases  pre- 
sented an  interstitial  bronchopneumonia  in  which  peribronchial  inter- 
stitial infiltration  and  new  formation  of  tissue  prevailed.  It  was  only 
in  a  small  number  of  cases,  which  were  thought  to  be  instances  in  which 
resistance  to  bacterial  invasion  was  very  much  lowered,  that  we  found 
the  streptococci  growing  abundantiy  and  freely  throughout  the  lung 
tissue,  causing  necrosis  and  haemorrhage  with  laking  of  blood  and 
with  littie  sign  of  protective  reaction. 

But  in  none  of  these  instances  did  the  intensity  of  the  infection  or 
its  consequences  approach  what  is  seen  in  such  cases  as  the  four  de- 
scribed above.  It  can  perhaps  be  taken  to  mean  that  although  measles 
predisposes  to  invasion  of  the  haemolytic  streptococcus,  influenza  anni- 
hilates the  resistance  of  the  individual  so  that  when  he  is  exposed  to 
infection  with  the  haemolytic  streptococcus  his  tissues  act  almost  like 
an  inert  culture  medium  in  which  a  colossal  growth  of  these  cocci  in 
chains  occurs  with  such  rapidity  that  the  tissues  are  simply  killed, 
flooded  with  blood  and  fluid  and  stained  with  the  haemoglobin  from 
the  laked  blood.  One  of  tiiese  patients  was  actually  working  with 
great  quantities  of  the  haemolytic  streptococcus  in  the  laboratory  and 
it  is  conceivable  that  his  infection  may  have  been  inmiinent  all  through 
the  summer  but  that  while  well  he  resisted  the  organisms,  whereas  the 
infection  came  on  at  once  in  full  force  when  his  resistance  was  de- 
stroyed by  the  attack  of  influenza. 

In  all  instances  the  throat  and  pharynx  were  reddened  and  sore 
and  much  frothy  fluid  stained  with  blood  was  coughed  up.  At  autopsy 
the  explanation  of  this  is  found  in  the  extreme  oedema  of  the  lungs. 
The  pleural  cavities  are  filled  with  a  deeply  blood-stained  fluid.    The 
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whole  lung  tiseue  is  distended  with  blood-tinged  fluid  so  that  the 
lymphatics  stand  out  as  dilated  channels  of  red  fluid.  The  consolida- 
tion is  relatively  inconspicuous  in  the  presence  of  this  enormous 
oedema.  Microscopically^  there  is  littie  exudate  of  cells  or  fibrin  but 
every  part  of  the  tissue  is  profoundly  injured.  The  bronchi  are  de- 
nuded of  epithelium,  (edematous  and  loaded  with  tangled  chains  of 
cocci  both  in  their  walls  and  in  their  lumina.  The  alveolar  walls  are 
necrotic,  the  epithelium  desquamated  and  their  cavities  full  of  thick 
blood-stained  fluid  with  only  the  debris  of  laked  red  corpuscles  and  a 
few  leucocytes,  among  which  lie  the  chains  of  streptococci  often  so 
numerous  as  to  form  a  sort  of  feltwork.  There  is  no  dilatation  of  the 
ductuli  with  hyaline  lining.  If  it  ever  existed  it  has  been  masked  com- 
pletely by  the  effects  of  the  streptococci. 

On  the  whole  it  seems  that  this  type  of  pneumonic  reaction  is  quite 
peculiar  and  specific  so  that  it  is  very  easily  recognized.  Since  it 
must  depend  upon  an  extreme  disturbance  of  the  balance  between  the 
power  of  resistance  of  the  body  and  the  virulence  of  the  streptococci, 
it  is  probable  that  it  will  not  be  seen  again  until  another  epidemic  of 
influenza  occurs. 

In  the  previous  paper  already  mentioned,*  a  description  of  the 
lesions  found  in  the  lungs  of  those  who  had  developed  pneumonia 
after  influenza,  in  which  the  influenza  bacillus  of  Pf eiffer  was  found  in 
pure  culture  or  as  the  predominant  organism,  was  based  on  the  study 
of  a  number  of  cases  in  which  the  duration  of  the  illness  averaged  about 
nineteen  days.  These  will  be  described  in  detail  below  and  it  will  be 
found  that  they  present  very  uniform  and  specific  characteristics. 
But  there  are  certain  other  cases  in  which  it  seems  probable  that  the 
bacillus  of  Pfeiffer  is  the  predominant  organism,  but  which  are  very 
different  in  some  ways  from  these,  possibly  because  in  them  the  dura- 
tion of  the  whole  illness  averaged  only  about  thirteen  days.  In  them, 
as  the  following  case  records  will  show,  there  is  profuse  haemorrhage 
which  tends  to  mask  the  bronchial  infiltration  and  even  to  cover  up 
the  patchy  character  of  the  inflammatory  reaction.  It  is  rather  difficult, 
though  not  impossible,  to  believe,  however,  that  the  prolongation  of  the 
illness  by  another  week  could  cause  the  complete  disappearance  of  all 
this  haemorrhage  with  the  appearance  of  the  nodular  peribronchial 

•  Jour.  Amer.  Med.  Assoc.^  1919,  LXXII,  720. 
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induration  which  is  so  striking  in  the  group  of  cases  to  be  described 
later.  There  is  one  case  in  the  series  described  in  a  previous  paper 
on  the  pneumonias  associated  with  measles  which  appears  to  belong 
in  this  group.  In  Case  192^  at  Camp  Dodge,  there  was  no  history  of 
measles  but  influenza  bacilli  were  found  in  great  numbers  associated 
with  profuse  ha&morrhage  and  a  peribronchial  infiltration. 

Qroup  4. — Cases  in  which  the  BacUlus  influenza  is  predominant  or 
in  pure  cultv/re.  A:  Acute  peribronchial  infiltration  accompanied  by 
extensive  hcsmorrhage  and  cedema. 

Case  214.— D.  S.  Onset  on  September  14, 1918,  with  tiackache,  headache, 
malaise,  chills,  fever  and  cough.  Abdominal  pains,  epistaxis.  Temp.  104*. 
P.  80.  Reap.  20.  The  patient  entered  the  hospital  cm  September  22,  with 
dyspnoea,  conjunctivse  injected,  lips  dry  and  cyanotic,  throat  injected, 
tonsils  swollen.  No  Jaundice.  Dullness  and  rftles  over  the  left  upper  chest, 
anteriorly  and  posteriorly.  On  the  right  side  tactile  fremitus  increased, 
dullness  and  rftles  in  upper  axillary  region.  Cyanosis  of  lips  and  fingers 
continued.  Breathing  rapid,  shallow  and  labored.  Died  September  27. 
Leucocytes,  September  24,  5600.  Polymorphonuclears  66%.  Lymphocytes  22 
Leucocytes,  September  27,  7860.  Polymorphonuclears  80%.  Lymphocytes  16 

Autopsy  September  28,  21  hours  after  death. 

Anatomic€a  Diagnosis. — Confluent  lobular  pneumonia. 

The  left  pleuraZ  cavity  contains  80  c  c  of  slightly  turbid  brown  fluid. 
The  surfaces  in  general  are  shining,  but  not  quite  smooth.  They  are  deep 
purple  with  patches  of  brick-red  stain  over  the  lower  part  of  the  upper 
lobe  and  posterior  part  of  the  lower  lobe,  also  over  the  diiM;»hragmatic  and 
mesial  surfacea 

The  right  pleural  cavity  contains  only  about  20  c.  c.  of  brownish  fluid. 
The  pleural  surfaces  are  smooth  and  shiny,  but  flecked  with  hflemorrhages 
with  the  same  dull  red  patches  especially  on  the  outer  and  diiqihragmatic 
surfaces  of  the  lower  lobe. 

In  the  upper  lobe  of  the  left  lung  (Fig.  16)  the  apical  and  anterior  por- 
tions are  air-containing  and  normal  looking.  The  whole  lower  and  pos- 
terior part  is  occupied  by  an  area  of  consolidation  which  is  dark  greyish 
red  in  color  and  not  very  prominent  above  the  surrounding  cut  surfaces. 
The  lung  stUl  has  a  spongy  structure  and  no  definite  plugs  are  seen  in  the 
alveoli.  The  marginal  portions  of  the  area  of  consdidatioQ  are  intensely 
luemorrhagic.  The  framework  of  the  lung  is  unaltered  and  the  bronchi  are 
not  deeply  reddened.  In  the  lower  lobe  the  upper  and  loww  edges  are  still 
air-containing,  but  nearly  all  the  rest  is  consolidated.  The  cut  surface 
of  this  area  is  not  much  elevated  above  the  air^containing  lung.  It  is  not 
opaque  grey,  but  rather  spongy  and  dark  greyish  red.  No  distinct  alveolar 
plugs  are  visible.  On  the  contrary  the  lung  substance  looks  as  though 
each  alveolus  were  extremely  thick-walled,  forming  a  dense  spongy  mass. 
Some  portions  of  this  are  much  more  densely  mottled  with  haemorrhage 
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than  others  and  there  are  a  few  minute  branched  oiMLQue  yellow  foci  whieh 
may  represent  small  bronchioles.  The  brondii,  interlobular  septa  and 
blood-vessels  are  scarcely  changed.  The  bronchial  glands  are  large  and 
moist 

The  uviQer  lobe  of  the  right  lung  is  air-containing  except  for  two  small 
areas  near  the  anterior  margin,  and  the  middle  lobe  similar  except  for 
small  areas  which  occupy  three  or  four  lobules.  These  are  rather  pale  on 
section.  The  lower  lobe  is  heavy,  flabby,  not  hard,  deep  purple  in  cc^or, 
flecked  with  hflemorrhages  and  covered  with  a  network  of  distended  lym- 
phatics. It  has  not  the  rigidity  belonging  to  lobar  pneumonia,  but  is  more 
flabby.  On  section  it  shows  a  large  area  of  consolidation  like  that  in  the 
left  It  is  dark  greyish  red  with  patches  of  darker  red,  and  close  examina- 
tion fails  to  show  individual  i^ugs  in  the  alveoli.  The  lung  is  coars^ 
spongy.  The  bronchi,  including  the  main  bronchus,  are  but  slightly  red- 
dened and  contain  a  frothy  fluid  which  is  not  (^Miaue  even  when  squeezed 
from  the  consolidated  area. 

Mioroicopical  ExaminatUm, — ^Part  of  the  tissue  of  the  lung  was  flxed 
in  alcohol,  part  in  Zenker's  solution,  so  that  the  sections  taken  from  the 
alcohol  tissue  have  the  advantage  of  revealing  what  is  left  when  the  red 
corpuscles  are  reduced  to  shadows  and  incapable  of  staining.  There  is 
such  extensive  hemorrhage  that  in  the  Zenker  tissue,  in  which  the  red 
corpuscles  are  well  preserved,  nearly  everything  is  covered  and  masked  by 
the  blood.  The  character  of  the  lesions  is  fairly  uniform  throughout.  The 
pleura  is  scarcely  altered  exc^t  by  the  infiltration  of  blood  corpuscles  in 
certain  areas.  The  interlobular  septa  are  slightly  widened  and  the  lym- 
phatics are  dilated  and  partly  filled  with  leucoc3rtes. 

The  bronchi  and  bronchioles  are  very  markedly  affected,  as  is  especially 
apparent  in  the  alcohol  tissues.  They  are  loosely  filled  in  places  with 
leucocytes,  in  other  places  they  contain  only  a  few  cells.  In  these  leu^ 
oocytes  are  found  quite  abundant  minute  Gram-negative  bacUli,  which 
must  be  infiuenza  bacilli  in  view  of  the  cultures  from  the  lung  whidi 
showed  exclusively  that  organism.  The  epithelium  is  generally  intact  or 
lifted  up  from  the  underlying  tissue.  The  walls  of  the  broncdiioles  are 
thickened  by  oedema  and  great  dilatation  of  the  blood  vessels  together 
with  infiltration  by  mononuclear  and  other  cells  so  that  they  look  like 
granulation  tissue.  This  change  extends  to  very  small  bronchioles,  but 
does  not  affect  the  walls  of  the  adjacent  alveoli  which  are  thin.  Most  of 
the  ductuli  alveolares  contain  fiuid  with  some  red  corpuscles  and  a  few 
leucocytes.  The  alveoli  themselves  show  no  especial  change  in  their  walls 
except  the  desquamation  of  some  epithelial  cells.  They  contain  chiefiy 
red  blood-corpuscles  in  great  numbers,  but  there  are  many  which  are 
occupied  entirely  or  through  half  of  their  diameter  by  fiuid.  There  is 
in  most  a  delicate  network  of  fibrin  and  a  few  mononuclear  wandering 
cells  and  polymorphonuclear  leucocytes.  There  is  no  dense  accumulation 
of  these  cells,  however,  and  in  the  alcohc^  tissue  the  alveoli  appear  in 
section  very  empty  of  nucleated  cells  and  chiefiy  filled  with  coagulable 
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fluid  and  red  corpuscles.  In  this  respect  they  contrast  with  the  terminal 
bronchioles  which  are  often  full  of  deeply  stained  leucocytes  and  are  con- 
spicuous from  the  changes  in  their  walls.  In  the  neifl^horhood  of  some 
bronchi  the  alveolar  cavities  show  a  thick  lining  of  deeply  stained  hyper- 
plastic epithelium  which  stands  out  prominently,  but  otherwise  the  changes 
in  the  alveoli  and  even  in  the  terminal  ductuli  alveolares  seem  very  acute. 
Prolonged  search  for  bacteria  in  the  contents  of  the  alveoli  revealed  only 
one  or  two  and  those  in  the  immediate  neighborhood  of  bronchioles.  In 
the  contents  of  the  brondiioles  themselves,  however,  the  influenza  bacilli 
are  quite  numerous. 

The  $pleen  presents  no  gross  alteration,  but  microscopically  a  rather 
remarkable  accumulation  of  myeloid  cells  in  the  pulp  about  the  Malpighian 
bodies  is  observed. 

The  bone^marrow  from  the  femur  is  almost  entirely  composed  of  tat. 
The  rectus  ahdominie  muscle  shows  no  hyaline  degeneration,  but  contains 
trichina. 

Oulturee  gave  B.  influenza  from  both  lung8„  but  not  from  the  pleura^ 
Those  from  the  heart's  blood,  spleen  and  pericardium  were  sterile.  From 
the  sphenoid  sinus,  which  contained  turbid  fluid,  Sti^iihylococcus  albus  and 
B.  influenza  were  recovered. 

Cask  216.— D.  G.  Onset  on  September  18,  1918,  with  headache,  fever, 
chills,  malaise,  cough,  expectoration,  pain  in  chest  and  weakness.  Temp. 
103.8*.  pulse  98,  resp.  26.  He  was  given  triple  vaccine  on  September  8, 
after  whidi  he  had  had  conrza,  epistaxis  and  headache. 

Admitted  to  hospital  September  21,  coughing,  drowsy,  with  pain  in 
abdomen,  chest  and  back.  Cyanosis  of  lips  with  slight  jaundice.  Tonsils 
slightly  enlarged.  On  the  left  side  dullness  from  apex  of  lung  to  2d  inter- 
space. On  the  right  expansion  was  limited  and  there  were  dullness  and 
bronchial  breathing  from  the  third  rib  down  with  crackling  rftles.  Blood 
pressure  98.54.    Died  September  28, 1918.   AuU^Msy  flve  hours  later. 

Anatomical  DiaffnosU,— Bilateral  confluent  iMronchopneumonia  with  scat- 
tered peribronchial  infiltration,  Pil>rinopurulent  pleuritU  (right).  UlcerO' 
tion  of  vocal  cords. 

The  Uft  pleural  cavity  contains  no  excess  of  fluid.  Its  surfaces  are 
slightly  roughened  and  over  the  posterior  part  are  covered  with  an 
exudate  of  flbrin. 

The  surfaces  of  the  right  plewna  are  everywhere  covered  with  a  thick 
honeycombed  layer  of  yellow  flbrin  exc^t  over  the  anterior  part  of  the 
apex.  The  cavity  contains  300  c.  c.  of  turbid  fluid  with  floating  shreds  of 
flbrin. 

In  the  left  lung  the  bronchi  exude  a  thick  brownish  gelatinous  fluid. 
The  bronchial  glands  are  large  and  moist  The  upper  lobe  is  aUnost  every- 
where air-containing,  but  a  few  flrm  nodules  are  felt  The  surface  of  the 
lower  part  of  the  upper  lobe  and  that  of  the  lower  lobe  are  roughened 
by  fresh  flbrin  and  flecked  with  numerous  hemorrhages.  There  are  some 
flrm  nodules  in  the  lower  lobe,  especially  at  the  upper  and  lower  margins. 
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On  section  the  long  shows  in  the  upper  lobe  normal  air-containing  tissue 
with  a  few  small  projecting  nodules.  In  the  posterior  part  of  the  lobe 
the  bronchi  become  conspicuous  by  being  surrounded  by  hemorrhages. 
In  the  lower  lobe  a  few  lobules  are  distinctly  cons<didated.  In  these  the 
greater  part  is  occupied  by  dark  red  hemorrhagic  tissue,  but  there  are 
several  small  groups  of  grey  nodules  scattered  throughout  In  the  more 
posterior  part  there  are  bronchi  which  are  slightly  thickened,  deeply  red- 
dened and  lined  with  a  dull  opaque  shreddy  membrane.  The  tissue  sur- 
rounding these  bronchi  is  hemorrhagic  and  there  are  clustered  round  them 
numerous  small  areas  of  consolidation  measuring  nearly  2  mm.  in  diameter. 
The  terminal  portions  are  thickly  surrounded  by  clusters  of  groups  of 
consolidated  alveoli,  but  the  intervening  lung  tissue  is  air-containing. 

In  the  right  lung  the  upper  lobe  is  air-containing  except  for  an  area 
of  consolidation  in  the  lower  mesial  part  The  middle  lobe  shows  an 
area  of  uniform  consolidation  near  the  upper  surface,  while  in  the  lower 
lobe  the  whcrfe  upper  and  posterior  part  is  consolidated.  On  section  the 
areas  of  oons<didation  in  the  upper  and  middle  lobe  are  greyish  red  with 
an  obvious  intra-alveolar  exudate.  In  the  middle  lobe  posteriorly  there 
is  a  small  grey  softened  area  from  which  the  tissue  has  fallen  ouit  A 
bronchus  leads  directly  into  it  The  remainder  of  the  tissue  is  thickly 
studded  with  opaque  yellowish  white  areas  which  seem  to  correspond  with 
the  bronchi. 

The  lower  lobe  is  more  uniformly  consolidated,  especially  in  the  postericnr 
portion,  but  even  this  consolidation  is  not  quite  uniform,  being  mottled 
with  yellow  and  dark  red  areas.  Its  surface  is  uneven.  The  bronchi  are 
very  deeply  reddened  and  contain  a  thick  yellow  pus.  Their  walls  are 
lined  with  an  opaque  greyish  materiaL 

On  the  whole  the  right  lung  shows  in  both  u^er  and  lower  lobes, 
especially  in  their  posterior  portions,  large  areas  of  consolidation  which 
are  fairly  homogeneous,  although  showing  flecks  of  yellowish  opacity. 
In  the  middle  lobe  these  flecks  are  distinctly  peribronchial  and  the  con- 
solidation is  far  from  homogeneous.  The  bronchial  glands  are  very  large, 
deep  red  and  moist 

The  vocal  COTds  show  a  slifl^t  loss  of  substance  along  their  margins. 
The  rest  of  the  larynx  is  pale,  as  is  also  the  trachea  down  to  the  bifur- 
cation  where  it  becomes  deeply  reddened  wiUi  superficial  erosions. 

Cultures  taken  at  the  autopsy  show  from  both  lungs  a  gram-negative 
coccus,  a  mucoid  pneumococcus  and  Gram-negative  bacilli.  The  pneu- 
mococcus  is  also  found  in  cultures  from  the  heart's  blood. 

Micfi}9Copic<a  Examination, — ^The  lungs  in  difCerent  areas  show  a  rather 
extraordinary  variety  of  changes. 

Sections  from  the  left  lung  show  in  some  cases  a  pleura  over  wliich 
the  lining  cells  are  still  present,  although  the  pleural  memlnmne  itself  is 
filled  with  blood  in  places  and  with  leucocytes  in  others.  In  other  places 
it  is  covered  with  fibrin.  In  those  areas  under  which  the  consolidation  is 
only  peribronchial  the  interlobular  s^ta  are  little  changed  and  most  of 
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the  lung  sabstanoe  is  air-containing.  Bat  there  are  small  foci  inyolving 
the  terminations  of  the  bronchi  which  stand  out  sharply  from  the  sor- 
roonding  air^sontaining  tissue.  The  bronchioles  are  full  of  a  purulent 
ezudatet  the  epithelium  partly  desquamated,  the  wall  moderately  or 
intensely  infiltrated  with  leucocytes.  The  surrounding  alveoli  are  filled 
with  blood  and  leucocytes  which  infiltrate  also  the  walls  of  the  alveoli. 
In  places  such  peribronchial  areas  are  larger  and  so  numerous  as  to  be 
almost  confluent  In  these  foci  one  wall  of  the  bronchus  is  usually  com- 
pletely replaced  by  a  mass  of  fibrin  and  leucocytes  which  has  displaced 
the  epithelium,  while  the  lining  is  intact  on  the  other  side.  There  is  no 
d^inite  organization  nor  any  induration  of  the  tissue. 

In  the  right  lung  there  are  much  larger  and  denser  areas  of  consolida- 
tion. The  pleura  is  thickly  covered  with  fibrin  and  is  itself  densely  infil- 
trated with  leucocytes  and  red  corpuscles.  The  interlobular  septa  are 
greatly  thickened  and  oedematous  with  closely  packed  leucocytes  and 
mononuclear  wandering  cells.  The  lymphatics  are  enormously  dilated  and 
distended  with  leucocytes  and  fibrin,  and  great  numbers  of  pneumococci  are 
present  In  places  there  are  abscess-like  accumulations  of  these  cells  which 
seem  to  have  arisen  from  lymphatics. 

The  bronchi  are  filled  with  leucocytes,  often  with  an  admixture  of  blood. 
Their  epithelium  is  often  well  preserved,  but  in  many  cases  desquamated. 
The  walls  of  the  smaller  ones  are  infiltrated  with  leucocytes.  The  blood 
vessels  show  a  similar  infiltration  with  leucocytes  which  in  many  places 
lift  up  their  endothelium  by  accumulating  beneath  it  in  a  thick  layer. 

The  consolidation  of  the  lung  itself  is  rather  patchy  inasmuch  as  the 
character  of  the  exudate  varies  from  place  to  place.  In  some  areas  it  is 
intensely  hemorrhagic  in  others  there  is  no  blood  in  the  alveoli,  but  only 
leucocytes.  In  Uiese  latter  areas  the  alveoli  are  greatly  distended,  the 
leucocytes  not  closely  packed,  but  throughout  whole  areas  necrotic  The 
alveolar  walls  are  stretched,  but  their  capillaries  are  full  of  blood  except 
where  they  pass  through  particularly  dense  necrotic  exudate.  There  it  is 
plain  that  some  of  the  walls  are  quite  necrotic  and  coagulated,  without, 
however,  giving  rise  to  any  hemorrhage.  Indeed  it  seems  that  this  would 
act  as  a  protection  against  haonorrhage.  Other  areas  show  a  very  denary 
packed  leucocjrtic  exudate  with  little  fibrin  except  in  certain  alveoli  where 
it  is  dense  and  closely  packed.  Some  alveoli  are  filled  with  blood.  In 
other  areas  desquamated  cells  become  a  prominent  feature.  But  in  most 
of  these  areas  the  alveolar  walls  and  framework  of  the  lung  in  general  are 
but  little  altered.  The  epithelial  lining  cells  are  largely  recognisable  and 
in  most  places  there  is  only  slight  infiltration  of  the  walls.  In  some 
areas,  on  the  contrary,  the  alveolar  walls  appear  as  shaggy  strands  of 
stretching  and  wandering  leucocytes.  No  organisation  ol  the  exudate 
occurs. 

On  the  whole  it  is  a  pneumonic  exudate,  hemorrhagic  in  places  with 
infiltration  of  the  interlobular  septa,  bronchial  walls,  blood-vessel  walls 
and  ev«i  alveolar  walls  with  leucocytes  but  not  with  mononuclear  cells 
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and  not  asBociated  with  organization  or  indnratlon.    It  is  in  part  promi- 
nently peribronchial,  but  this  characteristic  is  not  maintained. 

In  sections  stained  to  show  bacteria  a  great  varietj  of  organisms  are 
foond.  The  In^nchial  contents  show  especially  large  gram^egative  cocci 
mostly  in  leucocytes,  swarms  of  influenza  bacilli  also  (Aiefly  in  cells,  other 
swarms  of  pneumococci  which  are  chiefly  free,  Gram-positiye  organisms* 
which  may  be  pneumococci  but  which  show  rery  distinct  polar  staining, 
and  rather  nymerous  tery  large  gram-positive  bacilli.  In  the  alveoli  the 
pneumococci  and  large  bacilli  are  most  abundant,  the  influenza  bacilli  and 
cocci  being  rarely  found. 

Cask  220.— T.  B.  Entered  Camp  Lee  September  4,  1918.  Had  had  a 
slight  cold  before  entry.  Onset  on  September  14  with  headache,  chills, 
fever,  dry  cough,  general  aching  and  a  tired,  drowsy  feeling.  No  ^istaxis. 
No  nausea  nor  vomiting.  Some  pain  in  abdomen.  Anti-typhoid  vaccine 
on  September  7  with  no  reaction.  Admitted  to  hospital  September  20. 
On  September  25  general  weakness,  fever,  chills,  etc  RAles  over  both 
lungs  with  dullness  in  the  left  axilla.  Tactile  fremitus  increased  over  left 
side.  Bronchial  breathing  over  angle  of  scapula  on  l^t  Temp.  98-99.6*. 
Pulse  60-88.    Resp.  20-26. 

RioA#i  /7/Mi4tf  —  DiirCT«tui  count 

iStOOa  UOUnV.-^  Lwcoeytw        Polym.       8.  M.  L.  M.       Tr. 

September  25 3160 

September  26 7750 

Doing  well  until  September  29  at  10  p.  m.,  when  he  suddenly  broke  out 
into  a  cold  sweat  Pulse  increased  from  56  to  140.  Not  delirious.  Ras^ira- 
tion  labored,  cyanosis.  Died  September  29,  1918,  at  10.36  p.  m.  Autopsy 
11  hours  after  death. 

Anatomical  DiagnosU, — Bilateral  lobular  pneumonia,  disseminated 
tuberdtes  of  lung,  liver,  spleen  and  bronchial  glands.  Hyperplasia  of  bone- 
marrow. 

The  left  pleural  cavity  ccxitains  no  fluid.   Surfaces  smooth  and  glistening. 

The  right  pleural  cavity  contains  no  fluid.    Surfaces  glistening. 

Left  Lung. — ^The  surface  is  smooth  except  for  a  retracted  scar  in  the 
apical  portion  posteriorly.  There  are  several  firm,  dark  purple  masses  in 
the  lower  lobe,  none  in  the  upper.  On  section  the  uppor  lobe  is  in  general 
air^containing,  but  contains  a  few  areas  of  consolidation.  The  low^  lobe 
shows  numerous  small  scattered  areas  of  deep  red  with  a  greyish  center. 
These  are  often  clustered  around  the  ends  of  the  bronchi.  In  the  lower- 
most part  there  is  a  large  area  which  is  spongy,  but  elevated  and  fairly 
firm  and  made  up  of  confluent  reddish  black  patches  which  are  studded 
with  numerous  yellow  opacities.  Anteriorly  there  are  numerous  minute 
and  discrete  haamorrhagic  foci.  The  bronchi  are  not  especially  reddened 
and  contain  only  frothy  fluid.  The  bronchial  lymph  glands  are  all  large, 
even  deep  within  the  lung. 

The  right  lung  (Fig.  1)  is  very  voluminous  and  air-containing  almost 
everywhere,  but  there  are  large  scattered  patches  of  deep  purple  consolida- 
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tion  in  the  posterior  part  of  the  upper  and  lower  lobes.  On  section  the  upper 
lobe  shows  only  a  few  small  patches  of  spongy  dark  purple  consolidation. 
The  lower  lobe  shows  a  more  extensive  group  of  the  same  small  eleyated 
almost  nodular  peribronchial  clusters  of  consolidated  tissue.  These  are 
grey  in  the  center  and  dark  red  in  the  periphery.  There  are  some  large 
patches  occupying  lobules  and  sharply  outlined  which  are  dark  purple  and 
rather  homogeneous,  although  also  containing  (^>aque  grey  spots.  In  the 
more  posterior  parts  of  both  upper  and  lower  lobe  there  are  deep  purple 
patches  of  consolidation  irregular  in  outline.  These  are  sometimes  sharply 
outlined  by  the  interlobular  septa,  and  there  it  is  seen  that  they  contain 
small  central  greyish  flecks.  The  middle  lobe  shows  little  evidence  of  con- 
solidation.   The  bronchi  are  flUed  with  opaque  yellow  mucus. 

The  liver  and  spleen  contain  scattered  opaque  yellowish  nodules  which 
resemble  tubercles. 

The  tongue,  uvula,  tonsils,  psnriform  sinuses,  epiglottis,  vocal  cords  and 
trachea  appear  normal. 

The  frontal  sinuses  contain  a  slightly  turbid  fluid,  but  the  mucosa  is  not 
injected  and  se^ns  normal.  The  sphenoid  sinus  contains  a  thick  yellow 
mucopurulent  fluid.    The  middle  ear  and  mastoid  cells  are  normal. 

The  bone-marrow  of  the  femur  is  light  chocolate  brown  and  flrm. 

CuUures  from  the  lungs  were  sterile.  Smears  from  the  cut  surface 
showed  no  bacteria.  Cultures  from  the  spleen,  nasal  sinuses  and  peri- 
cardium were  also  sterile,  but  that  from  the  heart  developed  a  few  colonies 
of  Pneumococcus  Type  IV. 

Microscopical  Examination. — The  sections  of  the  lung  present  a  most 
peculiar  appearance  in  that  there  is  rather  extensive  thickening  of  the 
bronchial  walls  and  general  interstitial  infiltration,  together  with  much 
evidence  of  the  organization  of  exudate  in  bronchioles  and  alveoli,  while 
at  the  same  time  there  is  a  profuse  haemorrhage  which  fills  the  bronchioles 
and  alveoli  with  fresh  red  corpuscles.  This  is  not  unlike  the  str^tocoocal 
interstitial  bronchc^neumonia,  but  most  diligent  search  of  many  stained 
sections  fails  to  show  any  bacteria  at  all  and  smears  and  cultures  were 
equally  negative.  One  is  forced  to  the  conclusion  that  it  is  not  so  fresh 
a  condition  as  was  thought,  but  that  the  exudation  of  red  corpuscles  has 
begun  afresh.  There  are  but  few  areas  in  which  the  alveoli  contain  an 
exudate  of  leucocytes,  and  in  these,  tod,  bacteria  are  searched  for  in  vain. 
The  pleura  is  somewhat  thickened  and  the  interlobular  septa  are  very 
markedly  so^  being  infiltrated  with  wandering  cells,  chiefly  of  mononuclear 
types,  with  fluid  and  a  network  of  fibrin  and  with  wme  blood. 

The  bronchioles  contain  an  exudate  which  is  in  places  rich  in  leucocytes, 
many  of  which  are  becoming  disintegrated.  With  these  there  is  much 
blood.  The  walls  form  a  thick  layer  of  very  vascular  granulation  tissue 
from  which  most  of  the  epithelium  has  dropped  off.  This  granulation 
tissue  is  densely  infiltrated  with  mononuclear  cells.  The  alveolar  walls 
are  in  certain  quite  large  areas  perfectly  normal  and  the  alveoli  are  empty. 
In  most  places,  however,  they  are  thickened,  showing  sometimes  many 
wandering  mononuclears.     Their  epithelium  is  partly  desquamated,  but 

15 


Digitized  by 


Google 


228  W.  0.  MacCallum 

partly  increaaed  in  thickneas  and  depth  <tf  atalning  ao  that  it  becomea  a 
moat  oonq»lcuoiia  thick,  deeply  colored  lining  layer.  The  alTeoli  throogh- 
out  anch  areaa  naoally  contain  a  broad  looee  strand  d  connective  tissue 
which  is  covered  with  epithelium;  or  else  they  are  filled  with  a  spongy 
network  ci  connective  tissue  over  some  stranda  of  which  the  epithelial 
cella  have  grown.  Aside  from  these  evidences  of  organisation  of  a  former 
exudate,  there  is  nothing  there — or  the  remaining  space  may  be  filled  with 
freah  red  corpuscles.  Whole  patchea  show  every  alveolus  full  of  blood. 
There  are  certain  areaa  in  which  the  alveoli  contain  a  dense  exudate  of 
leucocytes  partly  disintegrated  and  not  acccmipanied  by  much  blood. 

In  none  of  these  localitiea,  nor  even  in  the  coagulum  which  is  frequently 
found  in  the  lymphatics  in  the  bronchial  walls,  could  any  bacteria  be  dis- 
covered. 

It  is  conceivable  that  this  may  be  the  anatomical  change  characteristic 
of  the  ^idemic  disease  influenza  alone  when  not  complicated  by  a  secon- 
dary bacterial  infection,  but  this  seems  unlikely  foe  several  reaaona,  and 
the  rather  obvious  alternative  is  that  it  is  a  caae  in  which  after  the  lapse 
of  a  considerable  period  of  time  the  bacteria  have  been  destroyed  and  the 
exudate  organised.  This  faila,  however,  to  explain  the  terminal  lesion 
with  its  extensive  hemorrhage. 

The  other  organs  show  no  special  alteraticms,  although  the  mucoaa  of 
the  naaal  sinuses  are  much  inflamed  and  inflltrated  with  mononuclear  cella 
and  a  few  leucocytes.  No  bacteria  are  found  there  either.  The  rectus 
abdominis  muscle  shows  a  few  scattered  hyaline  fibres  in  which  the  clumps 
of  hyaline  material  are  surrounded  by  clusters  of  nuclei.  The  bone^narrow 
is  in  a  state  of  advanced  hyperplasia. 

It  will  be  observed  that  of  these  three  cases  only  Case  214  showed  the 
bacillus  of  Pf eiffer  clearly  in  cultures  and  sections  and  without  the  ad- 
mixture of  other  organisms.  Case  215  shows  them  present  in  clouds 
but  there  are  also  several  other  organisms  of  which  it  seems  probable 
that  the  pneumococci  at  least  were  active  in  modifying  the  lesicm.  In 
Case  220  we  have  a  lesion  identical  with  that  in  Case  214  and  in 
Case  192  of  the  Camp  Dodge  series^  but  without  finding  by  cultures, 
smears^  or  sections  any  organisms  of  any  kind.  If  we  include  Case  192 
we  have  four  cases,  in  three  of  which  the  baciUus  of  Pf eiflPer  was  present 
in  great  numbers  and  in  all  of  which  the  lesion  appears  to  consist 
essentiaUy  of  an  intense  injury  to  the  walls  of  the  bronchioles  with 
loss  of  their  epithelium  and  infiltration  of  the  tissue  of  their  walls  and 
those  of  the  adjacent  vessels  and  occasionally  of  the  alveoU.  This 
bronchiolar  and  peribronchiolar  affection  becomes  conspicuous  if  we 
wash  away  the  blood  which  submerges  everything.  Otherwise,  the 
whole  tissue  appears  filled  and  stretched  apart  by  hsemorrhage.  Oigan- 
ization  of  the  exudate  has  definitely  b^un  in  Case  220,  which  had  lasted 
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fifteen  days^  but  there  is  no  trace  of  it  in  Cases  214  and  215,  which 
had  lasted  thirteen  and  ten  days  respectively. 

It  is  the  peribronchial  character  of  this  lesion  which  constitutes  its 
close  analogy  with  the  change  in  the  group  which  is  to  follow,  and  the 
finding  of  one  such  case  in  which  the  bacillus  of  Pfeiffer  is  present  in 
pure  culture,  which  inclines  us  to  the  belief  that  this  hsemorrhagic 
lesion  represents  the  more  acute  form  of  the  effect  of  the  influenza 
bacillus  upon  the  lung. 

In  these  cases  the  lungs  are  distended,  covered  with  a  thin  exudate 
of  fibrin  or  with  patchy  areas  of  haemorrhage,  the  bronchi  exude  a 
blood-stained  or  brownish  frothy  fluid,  and  on  section  the  whole  cut 
surface,  or  large  areas  of  it,  is  deeply  hemorrhagic  and  moist  with  focal 
grejrish  opacities  round  the  bronchioles,  or  else  the  hsemorrhagic  con- 
solidation is  limited  to  numerous  small  patches  about  the  bronchioles. 
Some  of  these  lungs  have  been  more  intensely  bloody  than  any  of  the 
forms  produced  by  other  organisms. 

Group  4. — Cases  in  which  Bacillus  influenzcs  is  predominant  or  in 
pure  culture.  B:  Cases  in  which  the  slow  course  leads  to  the  production 
of  hard,  nodular,  peribronchial  interstitial  infiltrations  of  the  tissue 
and  exudation  into  the  alveoli  and  bronchi. 

Cass  80. — ^R.  J.  S.  Onset  on  September  2$»  1918,  with  cough  and  iMiln  in 
the  left  side.  Admitted  to  hospitai  September  28  with  soreneBS  in  chest 
and  abdom^i,  congestion  of  pharynx  and  fever.  On  September  30  there 
was  dulness  over  the  right  base,  crepitant  r&les  in  the  right  axilla  and  over 
the  left  base.  Temp.  102-98''.  Pulse  96-106.  Resp.  22-36.  Died  October  11. 
Autopsy  three  hours  after  death. 

Anatomical  Diagnosis.— Bilateral  interstitial  bronchopneumonia  with 
organization.  Embolism  of  pulmonary  artery.  Hyaline  degeneration  of 
rectus  abdominis  with  hcemorrhage. 

The  right  rectus  muscle  shows  a  hemorrhage  which  extends  from  about 
the  middle  into  the  lower  portion.  On  the  left  side  the  lower  portion  of 
the  muscle  is  very  pale,  almost  white,  but  there  is  very  little  hemorrhage. 

The  left  pleura  contains  no  excess  of  fluid;  its  surfaces  are  everywhere 
glistening. 

The  right  pleura  contains  no  fluid.  The  surfaces  are  everywhere  glisten- 
ing. 

The  pulmonary  artery  contains  a  large  mass  of  thrombi  which  extends 
into  both  branches,  plugging  them  completely.  Search  in  the  femoral 
veins  and  elsewhere  failed  to  reveal  the  source  of  these  emboli 

The  left  lung  is  rather  voluminous  and  both  upper  and  lower  lobes  are 
in  part  air-containing,  but  they  present  also  rathw  large,  firm  nodules 
embedded  in  the  tissue.    The  bronchial  nodes  are  enlarged  and  grey.    The 
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bronchi  are  pale  and  contain  a  small  quantity  of  stickj  pamlent  exudate. 

On  section  the  upper  lobe  is  largely  air-oontainlng»  bat  there  is  in  its 
central  part  an  eleyated»  shandy  outlined  mass,  about  4  cm.  in  diameter, 
which  is  grey,  nodular  and  translucent  There  are  other  nodules  ci  exactly 
the  same  character  in  the  anterior  part  €i  the  lobe.  They  are  very  sharply 
outlined,  not  hypersmic  and  quite  unlike  the  usual  areas  of  consolidation 
in  that  the  firm  tissue  itself  cuts  smoothly  and  is  dense,  homogeneous, 
elastic  and  far  fnmi  opaque.  In  the  lower  lobe  there  are  many  similar 
areas. 

The  right  Imng  is  yoluminous.  The  upper  lobe  contains  a  solid  area  at 
the  extreme  apex  and  many  other  firm  nodules  in  other  parts.  So^  too, 
the  middle  and  lower  lobes  are  studded  with  firm  masses.  On  section  these 
have  in  all  cases  the  same  grey,  translucent  appearance  as  in  those  of 
the  left  lung.  The  cut  surface  is  smooth  and  the  tissue  elastic.  The 
bnmchi  contain  a  purulent  exudate  and  appear  opaque  where  they  are  seen 
within  the  areas  of  consolidation.  Some  of  these  areas  in  the  lower  lobe 
are  darker  in  color  and  flecked  with  haemorrhage. 

Cultures  from  the  lungs  gave  growths  of  Pfeiffer's  influenza  bacillus 
together  with  some  colonies  of  Staphylococcus  aureus.  Those  from  the 
trachea  showed  the  influenza  bacillus,  Sti^hylococcus  albus  and  aureus 
and  a  pneumococcus. 

Microscopical  ExaminatiotL — Sections  from  the  apical  and  other  areas 
of  consolidati<m  of  the  right  lung  and  those  from  the  left  show  the  same 
condition.  The  pleura  is  not  especially  thick^ied  or  changed  in  any  way 
except  orer  those  solid  areas  which  reach  it  There  the  lining  cells  become 
cubical  and  are  often  overlaid  by  a  kind  of  dense  cellular  granulation 
tissue.  The  interlobular  s^ta,  too,  are  normal  except  where  they  are 
directly  associitted  with  one  of  the  areas  of  consolidation  when  they  are 
broadened  by  a  great  increase  in  new  connectiye-tissue  cells  and  infiltrated 
with  mononuclear  wandering  cells,  but  not  with  fluid  or  flbrin.  The  con- 
solidated areas  surround^  bronchioles  and  are  really  broad  zones  in  which 
the  whole  framework  of  the  lung  is  greatly  fortified  by  new  tissue,  while 
the  alveolar  cavities  are  filled  sometimes  with  an  exudate,  but  far  more 
often  by  masses  of  newly  formed  connective  tissue  completely  covered 
with  epitheliuBL  The  bronchi  are  filled  with  polymorphonuclear  leucocytes 
which  in  most  instances  contain  a  few  infiuenza  bacilli.  There  are  some 
Gram-positive  staphylococci  present  toa  Both  of  these  organisms  are 
also  to  be  found  among  the  leucocytes  which  fill  some  of  the  alveoli.  The 
bronchial  epithelium  is  usually  intact  and  is  high  and  columnar,  often 
in  several  layers.  There  are  places,  however,  in  which  it  has  disappeared 
over  a  part  of  a  bronchial  wall  and  this  area  has  become  covered  with  fibrin 
which  extends  out  into  the  bronchus;  or  if  it  has  already  become  organ-* 
ized,  the  denuded  patch  of  bronchial  wall  forms  the  starting  point  for  a 
column  of  new  connective  tissue  which  may  extend,  branching  out  into 
the  distal  alveoli.  The  bronchial  walls  are  slightly  thickened,  partly  by 
the  accumulation  of  plasma  cells  and  other  mononuclear  wandering  cells, 
partly  by  a  new  formation  of  connective  tissue.    Occasionally  leucocytes 
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are  found  burrowing  under  the  epithelium,  and  the  lymphatics  often  con- 
tain leucocytes. 

The  alveoli  in  some  cases  appear  filled  with  leucocytes,  others  are  full 
of  blood*  but  in  most  cases  the  exudate  appears  much  older,  so  that  f e'w 
cells  remain  and  the  mass  of  fibrin  has  become  compact  and  densely 
stained.  Such  cells  as  appear  within  and  about  these  masses  are  usually 
mononuclear  cells  and  some  of  them  are  desquamated  epithelium.  But  in 
general  the  alveolar  contents  are  transformed  into  masses  of  new  connec- 
tive tissue  with  blood-vessels,  and  covered  by  new  formed,  high  cubical 
epithelium.  Such  masses  are  often  attached  here  and  there  to  the  walls 
and  their  connective-tissue  filaments  are  continuous  with  those  of  the  wall, 
but  it  is  clear  that  they  extend  into  other  alveoli  and  probably  into  the 
bronchi  and  are  by  no  means  limited  to  single  alveoli.  The  alveolar  walls 
are  greatly  thickened,  partly  by  contraction,  but  partly  also  by  a  new  forma- 
tion of  connective  tissue  and  infiltration  with  wandering  cells.  The  epithe- 
lium forms  a  continuous  layer  of  high  cubical  cells  extending  also  over 
the  connective-tissue  strands  in  the  lumen. 

Thus  it  is  evident  that  this  process  is  one  which  has  proceeded  to  a 
sort  of  healing  with  interstitial  new  growth,  organization  of  the  exudate 
and  induration  of  these  affected  patches  of  the  lung.  The  remaining  lung 
tissue  is  normaL  It  is  to  be  noted  that  there  is  no  pleural  exudate,  and 
that  the  lung  is  dry  and  for  the  most  part  air-containing,  and  further  that 
where  bacteria  are  still  found  there  is  a  thoroughly  well  resisted  invasioQ 
with  advanced  barricade  formation. 

Case  81. — C.  K.  Onset  on  September  22, 1918,  with  deafhess,  coryza  and 
headache.  Entered  hospital  on  September  27,  with  ear  drums  injected 
but  not  bulging,  complaining  of  headache.  'There  was  a  dusky  cyanosis 
with  fever  of  100-103®  F.  Resonance  impaired  over  both  backs,  with  large 
moist  r&les.  On  October  5,  bronchial  breathing  in  left  scapular  region, 
many  crepitant  r&les.  Cyanosis  became  de^»er  and  the  pati^it  passed 
into  coma  and  died  on  October  11,  1918.  Autopsy  two  hours  after  death. 
Sputum  and  mouse  inoculation  therefrom  showed  both  gram-negative  and 
gram-positive  diplococcL  The  sputum  contained  many  gram-negative 
baciUi. 

Anatomical  Diagnoais.-^Bilateral  disseminated  organizing  and  intertti- 
tiai  hronchopneum^mia. 

Rectus  muscles  normal. 

The  left  pleura  is  obliterated  anteriorly  by  easily  torn  adhesions^  but 
posteriorly  there  is  about  300  c.  c.  of  fiuid.  The  posterior  surface  of  the 
lung  is  covered  with  thick  honeycomb-like  fibrin  which  glues  the  lobes 
together  and  binds  the  lung  to  the  diaphragm  and  to  the  pericardium. 

The  right  pleura  is  entirely  obliterated  by  delicate  adhesions. 

In  the  left  lung  (Fig.  19)  the  bronchial  lymph  glands,  like  those  ci  the 
retrosternal  region,  are  large,  soft,  greyish  and  moist  The  lung  is  vc^umi- 
nous,  but  not  heavy.  The  upper  lobe  externally  is  mottled  with  grey  red 
patches,  alternating  with  air-containing  lobules.    A  similar  condition  ex- 


Digitized  by 


Google 


232  W.  0.  MacCallum 

tends  throughout  the  lower  lobe  and  posteriorly  both  are  flecked  with  small 
hemorrhages  and  roughened  with  fibrin.  On  section  the  whole  lung  is 
studded  minutely  with  firm,  grey  prominent  nodules  which  are  widely 
Idaced  about  the  ends  of  the  bronchioles.  They  measure  only  1  or  2  mm. 
in  diameter  and  are  found  in  grovtpB  of  three  or  four  on  the  cut  surface 
of  each  lobule. 

The  ripht  lung  (Fig.  18)  is  very  large  and  everywhere  appears  to  contain 
shot-like  nodules  in  its  substance.  The  edges  of  the  lower  lobe  are  air- 
oontaining,  the  rest  is  purplish  grey. 

On  section  the  bronchi  are  de^ly  reddened  with  an  opaque  film  over 
the  surface  of  the  mucosa.  The  lung  substance  is  largely  air<^ntaining, 
but  it  is  thiddy  studded  with  fine  nodules  which  are  about  1.5  to  2  mm. 
in  diameter  and  usually  grouped  in  twos  and  threes.  They  are  greyish* 
fairly  translucent  and  frequently  surrounded  by  a  zone  of  haemorrhage. 

Cultures  from  both  lungs  and  from  the  trachea  show  the  presence  of 
Pfeiifer's  infiuenza  bacillus  alone.  Smears  from  the  lung  and  sections 
show  the  same  thing. 

MicroBOopical  Examination. — Sections  from  various  parts  of  the  lungs 
show  practically  the  same  conditions.  The  pleura  is  somewhat  thickened 
and  infiltrated  with  mononuclear  cells  and  is  roughened  by  old  adhesions. 
The  interlobular  septa  are  not  very  conq»icuous,  but  are  thickened  and 
dense  and  much  infiltrated  with  plasma  cells  and  other  mononuclears. 
The  lymphatics  are  scarcely  to  be  seen  and  are  not  evidently  thrombosed. 
The  areas  of  consolidation  are  formed  round  the  bronchioles,  and  in  many 
cases  in  which  they  are  very  minute  and  scattered  in  otherwise  normal 
lung  they  consist  in  a  thickening  of  the  bronchial  wall  with  the  involve- 
ment of  only  a  few  adjacent  alveoli  (Fig.  20). 

The  bronchioles  usually  possess  an  intact  columnar  lining  epithelium, 
although  some  have  lost  it  in  places  or  entirely.  The  walls  are  very 
greatly  thickened,  but  the  thickening  is  due  not  to  oedema  or  haemorrhage, 
but  to  a  new  formation  of  connective  tissue  and  a  dense  infiltration  with 
mononuclear  cells  of  which  the  majority  are  easily  recognizable  plasma 
cells.  The  adjacent  alveolar  walls  are  greatly  thickened,  both  by  new  for- 
mation of  connective  tissue  and  infiltration  with  cells.  The  epithelium 
is  sometimes  entirely  desquamated,  sometimes  well  preserved  or  even 
greatly  thickened  and  hyperplastic.  It  is,  when  present,  often  lifted  up 
with  the  structureless  basement  jnembrane  from  the  centrally  placed  capil- 
laries of  the  wall  by  accumulations  of  mononuclear  cells  or  leucocytes. 

The  bronchioles  contain  an  exudate  almost  entirely  made  up  of  poly- 
morphonoclear  leucocytes  which  contain  many  infiuenza  bacUlL  These 
bacUli  are  not  present  in  great  clouds,  but  are  enclosed  in  the  leucocytes 
in  threes  and  fours.  Relatively  few  are  free.  No  other  organisms  are 
to  be  seen.  In  the  alveoli  the  exudate  is  also  composed  of  polymorphonu- 
clear leucocjrtes  often  mixed  with  a  large  fatrholding,  desquamated  epi- 
thelial cell.  These  large  cells  are  actively  phagocytic  and  are  filled  with 
the  remains  of  other  cells,  usually  leucocytes.  As  a  rule  no  infiuenza 
bacilli  are  found  in  the  alveoli,  especially  in  those  areas  where  the  alveolar 
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walls  are  much  infiltrated  and  thickened.  Such  areas  indeed  often  contain 
in  the  alveoli  very  few  leucocytes,  but  masses  of  d^ise  fibrin  with  mononu- 
clear wandering  cells.  Organization  of  this  exudate  is  well  under  way,  but 
is  by  no  means  complete.  It  is  quite  absent  in  those  areas  in  which  the 
alveolar  exudate  is  rich  in  leucocytes.  It  is  to  be  noted  that  ci  the  mono- 
nuclear cells  infiltrating  the  septum,  bronchial  walls  and  alveolar  walls, 
practically  all  are  lymphoid  and  plasma  cells  with  some  larger  elements 
with  slightly  basophilic  cytoplasm.  There  are  no  mast  cells,  nor  are  there 
any  megalocaryocytes  in  the  ci^illaries.  There  is  no  evidence  of  throm- 
bosis of  capillaries,  although  some  larger  veins  occasionally  show  mural 
or  obstructive  thrombi. 

More  active  processes  are  also  to  be  observed  in  that  there  are  abscess- 
like  cavities  in  the  consolidated  tissue  filled  with  leucocytes,  but  without 
any  definite  wall  other  than  the  adjacent  alveoli  with  their  fibrinous  con- 
tents. The  leucocytes  contain  the  infiuenza  bacilli.  These  abscesses  are 
so  minute  as  to  be  overlooked  in  the  naked  eye  inspection.  There  are 
also  patches  of  lung  tissue  quite  away  from  the  indurated  areas  or  some- 
times contiguous  with  them  in  which  the  alveolar  walls  have  undergone 
no  infiltrati<m  or  thickening,  but  in  which  the  alveolar  cavities  are  packed 
with  leucocytes  loaded  with  infiuenza  bacilli  These  are  minute  areas  of 
fresh  pneumonic  consolidation  in  a  lung  which  has  elsewhere  responded 
to  the  invasion  by  producing  indurated  patches  about  the  infected  bron- 
chioles with  much  barricade  formation  and  successful  restriction  of  the 
baciUL 

Cass  86.— M.  F.  F.  Aged  30  years.  Onset  on  S^tember  22,  1918,  with 
coryza,  slight  cough,  no  malaise  or  sore  throat  Was  admitted  to  the 
hospital  S^tember  24.  There  is  no  further  note  until  October  6,  when 
there  were  rftles  in  the  right  lung  with  dullness,  frequent  and  shallow 
breathing  and  slight  deliriunL  On  October  8  the  delirium  was  more 
marked.  The  right  lung  fiat  behind  with  rftles.  Some  rftles  over  the  left 
lung.  On  October  11  the  patient  became  very  dull  and  irrational,  dyspnoea 
became  very  marked  and  death  occurred  on  October  13.  Temp.  103-99®. 
Pulse  100-160.    Resp.  24-48.    Autopsy  one  hour  after  death. 

AnatonUcal  Diagnosis. — Disseminated  interstitiai  bronchopneumonia, 
Waterah  Buhacute  endocarditis. 

The  rectus  muscles  show  an  area  of  pallor  in  the  lower  portion  with 
haemorrhages  in  the  substance  of  the  muscles. 

The  left  plewm  contains  100  cc.  of  opalescent  fiuid.  The  posterior 
diaphragmatic  and  mesial  surfaces  have  lost  their  gloss,  but  the  remainder 
is  glistening. 

The  right  pleura  contains  60  c.  c.  of  slightly  turbid  fiuid.  The  surfaces 
are  glued  together  almost  evenrwhere  by  fresh  fibrinous  exudate. 

The  left  lung  (Fig.  21)  is  large  and  air-containing.  The  bronchus  is  filled 
with  a  thick  yellow,  purulent,  mucus.  The  bronchial  glands  are  large,  firm 
and  clear.  The  upper  lobe  is  air-containing  throughout,  but  studded  with 
small  shot-like  nodules  which  can  be  felt  everywhere.  The  lower  lobe  shows 
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seyeral  blai8h«  elastic,  shrunken  patches,  hut  is  also  filled  ereiTwhere 
with  shot-like  nodules.  On  section  the  cat  surface  ci  the  upper  lobe  is 
uniformly  studded  with  small  nodules  which  are  sometimes  grouped  in 
twos  and  threes.  There  are  two  areas  of  larger  size  in  which  these  nodules 
are  embedded  in  a  clear,  translucent,  firm  tissue,  the  cut  surface  of  which 
is  smooth*  In  the  lower  lobe  there  are  similar  areas  of  smooth^  clear, 
translucent  consolidation  in  which  the  bronchiole  can  be  made  out  as  the 
centre  of  denser  nodules  and  the  remainder  of  the  lower  lobe  shows  scat- 
tered nodules  precisely  similar  to  those  in  the  uin>er  lobe,  but  otherwise 
it  is  pale  and  air-containing. 

The  right  lung  is  voluminous,  pale,  and  for  the  most  part  air-containing. 
There  are  several  firm  patches  in  the  posterior  part  of  the  upper  lobe 
measuring  about  2  cm.  in  diameter,  and  there  are  numerous  small  shot- 
like nodules  scattered  throughout  the  rest  of  the  lobe.  In  the  lower  lobe 
there  are  three  or  four  patches  bluish  grey  in  color,  which  on  section  appear 
as  transluc^it  areas  studded  with  rather  firm  nodules.  The  remainder  of 
the  lobe  presents  many  minute  nodules  of  the  same  general  character. 

Heart.— The  mitral  valve  is  partly  covered  by  large  rounded  vegetations 
which  are  fairly  firm,  but  can  be  crushed  rather  readily. 

The  trachea  contains  a  greenish  yellow  purulent  mucus.  Its  mucosa  is 
slightly  reddened.    The  larynx  is  normal  in  appearance. 

OuUuret  and  smears  from  the  trachea,  large  and  small  bronchi,  from  the 
substance  of  the  right  and  left  lungs,  give  the  B.  inflnenaxB  alone. 

Microacofdcal  Examination, — Sections  from  various  parts  of  both  lungs 
show  practically  the  same  things.  The  pleura  is  thickened  over  the 
elastic  membrane  (which  remains  undisturbed)  by  a  layer  of  granulation 
tissue  upon  which  lies  a  thin  film  of  dense  fibrin.  The  interlobular  septa 
are  not  especially  conspicuous,  but  they  are  dense  and  thickened  and  in- 
filtrated with  plasma  cells  and  other  wandering  mononuclears.  The  bronchi 
and  bronchioles  retain  their  lining  layer  of  columnar  epithelium  intact 
and  are  filled  with  an  exudate  of  polymorphonuclear  leucocytes  without 
much  fluid  or  any  fibrin.  In  this  exudate  influenza  bacilli  are  fairly 
numerous  and  unmixed  with  other  organisms.  The  walls  of  the  bronchi 
are  greatly  thickened,  chiefly  by  a  new  growth  of  connective  tissue  which 
lies  both  directly  beneath  the  epithelium  and  outside  the  muscle.  This  is 
true  of  the  small  bronchioles  and  the  thickening  extends  to  the  ductules 
and  alveolar  walls.  It  appears  that  the  thickening  of  the*  walls  of  the 
alveoli  is  associated  with  their  contraction,  for  the  elastic  tissue  takes  a 
tortuous  course  through  them,  although  it  is  stretched  straight  in  the 
walls  of  all  the  air-containing  alveoli  near  by.  About  the  hnmchi  there 
are  thus  formed  areas  in  which  all  the  framework  of  the  lung  tissue  is 
greatly  thickened  so  that  in  such  areas  it  is  dense  and  firm  (Fig.  22).  These 
are  the  nodules  palpable  and  visible  in  the  gross  as  dense  greyish  yellow 
masses.  Between  them  the  lung  substance  is  normal  with  air-containing 
alveoli  with  thin  walls.  The  consolidated  areas  are,  however,  not  all  alike, 
for  in  some  the  walls  of  the  bronchioli  and  of  the  neighboring  alveoli  are 
densely  infiltrated  with  leucocsrtes  and  the  alveoli,  like  the  bropchioli,  are 
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filled  with  similar  polTmorphonuclear  leucocytes.  There  are  some  influenza 
bacilli  in  the  exudate  of  the  alveoli,  but  fewer  than  in  that  of  the  bronchi. 
In  these  bronchial  and  alveolar  walls  there  are  also  many  plasma  cells, 
but  they  are  overshadowed  by  the  leucocytes.  In  other  areas  the  surround- 
ing alveoli  are  filled  with  dense  fibrin  masses  which  contract  away  from 
the  walls,  and,  while  containing  many  mononuclear  cells,  are  partly  organ- 
ized by  new  connective  tissue  and  are  covered  with  newly  formed  epi- 
thelium. In  the  center  of  such  an  area  is  the  bronchiole  still  filled  with  its 
purulent  exudate.  In  other  areas  there  is  a  less  conspicuous  exudate  which 
is  practically  completely  organized.  In  all  cases  the  walls  of  the  bronchi, 
of  the  blood-vessels  and  of  the  alveoli  themselves  are  infiltrated  with 
mononuclear  cells,  most  of  which  have  the  character  of  plasma  cells. 

The  thick  alveolar  walls  are  made  more  striking  by  the  changed  appear- 
ance of  the  lining  epithelium,  which  is  usually  well  preserved.  The  cells 
have  become  cubical  or  columnar  and  form  a  continuous  thick  lining.  In 
some  cases  the  epithelium  has  proliferated  into  a  solid  mass  which  has 
almost,  or  even  completely,  filled  the  alveolus.  Such  tumor-like  growths 
of  epithelium  are  very  striking,  but  are  rare  in  this  lung  and  involve  only 
two  or  three  alveoli  In  no  instance  is  there  any  dilatation  of  the  thick- 
walled  bronchi. 

Case  87.— J.  J.  S.  Admitted  to  the  hospital  September  24,  1918.  There 
is  no  note  until  September  28,  when  there  were  found  dullness,  rftles  and 
tubular  breathing  at  the  right  base.  By  October  8  the  right  lower  lobe 
was  evidently  densely  consolidated,  and  on  October  11  this  was  found  to 
have  involved  the  middle  lobe.  The  heart  then  appeared  slightly  enlarged 
and  there  was  an  apical  systolic  murmur.  On  the  afternoon  of  October  11 
there  began  hemianopsia  with  ansBsthesia  of  the  left  side  of  the  head,  face 
and  chest  and  paresis  of  the  left  arm.  The  temperature  ranged  from 
98-104«;  pulse  84-120;  respirations  24-48.  Leucocytes,  17,600  with  95%  of 
polymorphonuclears.  The  patient  died,  October  12,  about  three  weeks 
after  the  onset  of  the  illness.   Autopsy  four  hours  after  death. 

Anatomioai  Dioffnosis.^Bilateral  interstitial  hronchopnewmania  vMh 
obMoeMs  formation;  multilocular  encapsulated  empyema;  adheiive  peri- 
carditis; subacute  endocarditis;  fibrous  myocarditis;  infarcts  of  spleen 
and  kidney;  acute  splenic  tumor;  bilaterai  a:bscesses  of  rectus  abdominis 
muscles;  chronic  fibrous  orchitis. 

The  recti  abdominales  show  a  hemorrhagic  effusion  beneath  the  peri- 
toneum. On  incision  it  is  found  that  there  is  on  each  side,  in  a  symmetrical 
position,  a  large  elliptical  or  lenticular  abscess  filled  with  thick  yellow  pus 
and  surrounded  by  a  d^isO  wall  with  a  hsemorrhagic  zone.  The  adjacent 
muscle  substance  is  pale. 

The  left  pleura  oontains  600  c.  c.  of  clear  fiuid.  The  surfaces  are  smooth 
and  glistening. 

Right  Pleura — On  lifting  the  sternum  a  large  pocket  between  the  mesial 
surface  of  the  right  lung  and  the  pericardial  sac  was  opened  into  and 
found  to  contain  thick  greenish  yellow  pus.    The  right  pleura  is  in  large 
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part  obliterated  by  old  adhesioiiB,  but  there  are  seyeral  isolated  empyema 
cavities— two  on  the  outer  surface  of  the  lung  each  ocmtalning  80  c«  c.  of 
thick  greenish  pus,  that  between  the  long  and  the  pericardial  sac  which 
contains  about  150  c.c  of  similar  pus  and  a  small  one  between  the 
dii4>hragm  and  the  long. 

Heart. — ^Both  aortic  and  mitral  yalTee  are  thickened  and  scarred  and  on 
the  Tentricnlar  surface  of  the  mitral  there  are  fresh  yegetations  which  are 
continuous  with  an  abscess-like  infiltration  in  the  myocardium. 

Left  Lnnff. — ^The  upper  lobe  is  in  general  air-containing,  but  on  section 
presents  scattered  indefinite  areas  of  consolidation.  The  lower  lobe  is 
discolored  superficially  by  hemorrhagic  blotches.  Nodular  areas  of  con- 
solidation can  be  felt  in  its  substance*  and  on  secticm  these  appear  as  red 
patches  which  are  not  very  firm  and  show  no  definite  plugs  of  exudate. 

Right  Lung. — ^The  surface  of  the  lower  lobe,  where  it  forms  the  wall  of 
the  empyema  cavity,  is  ragged  and  yellowish  green.  There  is  an  abscess 
cavity  in  its  substance,  partly  filled  with  a  shreddy  yellowish  green  necrotic 
tissue  through  which  air  can  be  blown  from  the  bronchus.  The  bronchus 
opens  widely  into  this  cavity.  There  are  extensive  areas  of  consolidati<m 
in  the  upper  and  lower  lobes,  especially  in  the  posterior  parts,  which  are 
greenish  red  with  numerous  nodular  areas  which  are  more  opaque  green- 
ish gr^. 

CuUnret  showed  in  the  trachea  Pfeiffer's  bacillus  as  the  predominant 
organism*  but  there  were  also  pneumococci,  Friedl&nder's  bacillus  and 
Staphylococcus  albus.  The  bronchi  show  Pfeiffer's  bacillus,  as  do  the 
minute  brondiioles,  but  cultures  from  the  lungs  gave  a  Pneumocoocus  IV, 
staphylococcus  albus  and  Friedlftnder's  bacillus.  The  rectus  muscle  and 
the  pericardium  showed  in  culture  Pneumocoocus  IV.  Mice  inoculated  from 
the  lungs  gave  in  each  case  a  mixture  of  Pneumocoocus  IV  and  Pfeiffer's 
bacillus.  It  is  evident  that  the  long  duration  of  the  case  with  its  empyema 
and  abscess  formation  is  correlated  with  this  great  mixture  of  bacteria. 

Micro9copical  Examination. — ^The  microscopical  examination  of  these 
lungs  shows  that  the  areas  of  consolidation  in  the  left  are  small  patches 
which  represent  a  somewhat  earlier  stage,  but  one  otherwise  identical  with 
those  in  the  right.  The  sections  through  various  parts  of  the  right  lung 
show  a  thick  layer  of  frayed  fibrous  tissue  in  the  position  of  the  pleura; 
where  the  section  enters  one  of  the  empyema  cavities  there  is  a  layer  of 
granulation  tissue.  One  passes  through  the  abscess  and  shows  ragged 
shreds  of  partly  necrotic  lung  tissue  hanging  in  a  mass  of  leucocsrtes. 
Among  these  leucocytes  can  be  found  a  few  pneumococci,  but  no  infiuenza 
bacilli.  Elsewhere  the  thickened  pleura  is  continuous  with  dense,  rather 
wide  interlobular  septa  which  are  really  fibrous  and  show  no  conspicuous 
lymphatics.  Such  lymphatics  as  were  seen  were  plugged  with  connective 
tissue  replacing  a  thrombus.  There  is  no  marked  infiltration  of  cells  in 
the  fibrous  septa.  The  bronchi  have  an  intact  lining  of  columnar  epithe- 
lium. They  are  not  dilated,  nor  are  their  walls  very  conspicuous  from 
interstitial  new  growth  of  tissue,  or  infiltration  with  mcmonudears.    All 
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the  bronchi  and  bronchiolee  contain  an  exudate  of  polymorphonuclear 
leucocytes,  sometimes  mingled  with  much  blood.  In  seme  of  the  smaller 
bronchioles  there  are  strands  of  connective  tissue.  The  ductuli  alveolares 
and  some  of  the  immediately  surrounding  alTeoli  are  often  widely  dis- 
tended with  leucocytes.  Swarms  of  influenza  bacilli  are  found  in  this 
exudate,  although  they  are  not  seen  in  the  more  distant  alTeoli,  nor  in  the 
large  abscess.  Rather  numerous  pneumococci  are  also  present,  but  no 
other  organisms  can  be  distinguished. 

The  lung  substance  in  the  consolidated  areas  is  partly  c(dlapsed,  the 
alveoli  have  very  thick  walls  and  are  filled  with  an  exudate  which  is 
largely  composed  of  red  corpuscles,  desquamated  epithelial  cells  and  fibrin. 
In  many  if  not  most  places  the  mass  of  fibrin  is  beginning  to  be  organized 
and  is  partly  or  completely  covered  by  new  epithelium.  No  bacteria  and 
few  leucocytes  are  to  be  found  in  these  alveoli.  The  large  fat-laden 
phagocytic  cells  are  surely  epithelial  cells,  as  they  can  often  be  traced  into 
continuity  with  those  in  the  walls.   Mitotic  figures  are  found  in  these  cells. 

The  alveolar  walls  are  hard  to  outline  because  they  are  thickened  and 
brought  almost  together  and  because  the  epithelium  is  in  most  cases  des- 
quamated or  has  extended  over  those  strands  of  connective  tissue  which  are 
replacing  the  fibrin.  They  are  infiltrated  with  plasma  cells,  especially 
where  they  adjoin  a  bronchus  or  vessel  or  interlobular  septum.  These  are 
typical  plasma  cells  and  no  other  mononuclear  forms  appear.  Most  of  the 
tissue  of  the  framework  of  the  lung  is  visibly  infiltrated  with  these  cells, 
which  scarcely  act  as  phagocjrtes. 

In  the  neighborhood  of  some  bronchioles  and  ductuli  alveolares,  an  ex- 
tensive new  formation  of  epithelium  has  occurred  so  that  the  columnar 
epithelium  of  the  bronchioles  is  continued  into  solid  masses  which  are 
evidently  composed  of  new  cells  and  which  fill  the  alveoli.  These  strands 
and  masses  of  epithelium  stretch  into  neighboring  alveoli  so  as  to  resemble 
a  cancerous  growth. 

This  is  a  condition  described  by  others  in  chronic  forms  of  pneumonia 
and  only  meagrely  represented  in  this  series. 

Case  88.~E.  E.  H.  Onset  on  September  29,  1918,  with  cough  and  fever. 
The  patient  was  admitted  to  the  hospital  October  3,  with  cough,  pain  in 
the  left  chest  and  general  soreness.  On  October  5  there  was  dullness  over 
the  left  base  with  many  r&les  and  bronchial  breathing  on  both  sides.  On 
October  8  a  friction  rub  was  heard  in  the  left  anterior  axillary  region. 
On  October  9  to  13  delirium,  cyanosis  and  labored  breathing.  Temp.  102-99*. 
Pulse  97-140.  Resp.  30-40.  Death  October  13.  Autopsy  four  hours  after 
death. 

Anatomical  DiagnosU, — Interatitial  iMronchopneumonia;  fibrinopurulent 
pJeuritU,  left;  TuBtnorrhagic  necrosis  of  myocardium,  left  ventricle;  rupture 
of  rectus  a:bdominis  with  hcemorrhage. 

The  rectus  muscles  both  show  hsemorrbage  and  rupture,  but  this  is  not 
very  extensive. 

The  left  pleura  contains  1500  c.c  of  cloudy  lemon-yellow  fiuid.  The 
surfaces  are  covered  with  fibrin  which,  in  the  posterior  part  of  the  cavity. 
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becomes  a  great  shaay,  thlek  mmas,  the  meshes  at  which  are  filled  with 
fluid. 

The  right  pleura  is  partly  obliterated  by  old  adhesions  which  contain  in 
their  meshes  aboat  80  c.  c.  of  turbid  yellow  fluid. 

The  left  lung  is  almost  entirely  air-ccmtaining,  but  is  studded  throughout 
with  flrm  greyish  nodules.  In  the  lower  part  of  the  upper  lobe  there  is  an 
area  about  3  cm.  in  diameter  which  is  flrm  and  airless;  in  the  posterior 
part  of  the  lower  lobe  there  is  a  similar  area.  Both  of  these  are  studded 
with  smaller  greenish  nodules. 

The  right  lung  is  rough«ied  over  its  whole  surface.  In  general  it  is  air- 
containing,  but  as  seen  on  section  shows  numerous  small  greyish  areas 
which  are  related  to  the  bronchioles.  There  are  also  some  small  patches 
of  grey»  rough,  consolidated  tissue. 

Heart. — ^The  valves  are  delicate  and  the  endocardium  is  smooth.  The 
myocardium  is  opaque  and  greyish  red  and  in  the  wall  of  the  left  ventricle, 
near  its  base,  there  is  a  red  opaque  patch  about  1  cm.  in  diameter. 

CultureM  and  smears  from  the  trachea  and  the  bronchi  showed  the  bacillus 
influMise.  Those  from  the  left  lung  and  pleura  showed  pneumococd.  which 
w&te  also  found  in  the  heart  blood  and  the  pericardium. 

Microscopical  Examination. — ^The  changes  in  the  right  and  left  lungs  are 
alike  except  for  the  i^eural  exudate,  which  upon  the  left  is  composed  of  a 
loose  network  of  fibrin  with  relatively  little  invasion  of  connective  tissue, 
but  loaded  with  leucocytes.  Numerous  pneumococci  are  found  among  these 
cells,  but  not  within  the  lung.  The  pleural  membrane  itself  is  greatly  thick- 
ened by  new  granulation  tissue.  The  elastic  membrane  is  lifted  up  by  this, 
but  the  blood  vessels  and  fibroblasts  penetrate  it  and  form  a  layer  cm  the 
outside.  The  interlobular  s^ta  are  thickened  and  dense  and  composed  of 
connective  tissue  in  which  there  is  very  little  infiltration  d  cells  and  no 
oedema.  The  bronchi  and  bronchioles  contain  an  exudate  composed  of  leu- 
cocytes, many  of  which  enclose  several  influenza  bacilli.  No  other  bacteria 
are  seen  there  nor  in  the  substance  ci  the  lung.  The  epithelial  lining  is 
usually  intact;  the  connective  tissue  of  the  wall  is  spread  apart  and  greatly 
increased  in  amount  In  most  places  it  is  densely  inflltrated  with  mononu- 
clear cells,  some  of  which  are  lymphocytes,  some  characteristic  plasma  cells, 
while  others  are  larger  and  more  irregular  mononuclear  wandering  cells. 
A  few  cells  with  basophilic  granules  occur  there. 

The  blood-vessel  walls  are  very  little  altered  and  there  are  no  thrombi 
The  bronchioles  are  in  many  places  surrounded  by  areas  of  altered  tissue 
and.  indeed,  as  observed  by  gross  inspection,  this  alteration  often  becomes 
confluent  so  as  to  produce  quite  large  flrm  patches.  In  all  cases  the  walls 
of  the  ductuli  alveolares  and  of  the  alveoli  are  greatly  thickened,  partly 
by  actual  new  formation  of  connective  tissue,  partly  by  inflltration  of  mono- 
nuclear wandering  cells.  The  epithelium  of  the  alveoli  is  swollen  and 
forms  a  thick  layer  of  large  plump  cells,  but  in  many  of  the  alveoli  it  is 
almost  entirely  desquamated  and  floats  there  as  large  rounded  phagocytic 
cells.  In  some  places  the  epithelium  is  greatly  proliferated  so  that  it 
forms  solid  masses  of  fresh  ceUs  which  stain  deeply  and  almost  flU  the 
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alTeolar  space.  This  is  the  proliferation  which  has  beoi  noted  as  even 
more  conq»iciioas  in  other  cases.  The  exudate  within  the  alTeoli  is  in 
some  places  rich  in  fibrin — ^indeed*  it  consists  of  a  dense  retracted  mass 
of  fibrin  entangling  a  few  cells  and  in  many  places  ^itirely  overgrown 
by  a  coTering  layer  of  new  epithelial  cells.  Some  groups  of  alveoliif  on  the 
other  hand,  are  packed  like  the  bronchioles  with  dense  masses  of  poly- 
morphonuclear leucocytes,  many  of  which  contain  influenza  bacilli,  but  no 
other  organisms. 

Nearly  ererywhere  there  is  an  active  organizing  process  which  leads  to 
the  r^id  invasion  of  the  fibrinous  exudate  within  the  alveoli  and  ductules 
by  new  connectiye-tlssue  cells.  This  difFers  in  no  way  from  the  organiza- 
tion of  an  exudate  in  the  lung  int  other  cases  and  presents  the  same  long 
ramifying  strands  of  new  tissue  stretching  from  the  bronchioles  into  the 
alveoli.  It  gives  the  density  and  translucence  to  the  consolidated  areas 
while  the  foci  of  leu^cocyte  accumulation  in  the  alveoli  coincide  with  the 
greenish  opaque  spots  in  the  grey  tissue. 

The  lymphatics  are  not  readily  seen  and  are  nowhere  distended  or 
thrombosed. 

Case  89.— W.  H.  Aged  23  years.  Onset  on  September  19,  1918,  with 
chUls  and  fever,  and  the  patient  was  admitted  on  September  24.  He  became 
delirious  on  October  1,  with  r&les  through  both  lungs  and  dyspnoBta.  On 
October  7  there  was  dullness  in  both  lower  lobes.  Temp.  102-99*.  Pulse 
76-130.    Resp.  28-68.    Died  October  13.    Autopsy  Ave  hours  after  death. 

Anatomical  Diagnosis. — Bilateral  dissemMiated  interstitial  broncho- 
pneumonia; old  pleural  adhesions;  acute  flbrinopurulent  pericarditis. 

Rectus  Muscles. — ^The  upper  segment  of  both  recti  show  marked  pallor; 
the  lower  portions  are  normal.  There  is  no  rupture  or  hemorrhage  in  the 
muscle. 

The  left  pleura  is  partly  obliterated  by  (Ad  adhesions. 

The  right  pleura  is  also  largely  obliterated  by  old  adhesicms. 

The  left  lung  is  covered  with  tags  of  old  adhesions.  The  posterior  and 
lower  part  of  the  upper  lobe  is  firm  and  nodular  (Fig.  23).  It  is  covered 
with  luemorrhages.  On  section,  the  upper  part  is  air-containing,  but  the 
lower  portion  is  purplish  gray,  firm,  quite  airless  and  smooth.  The  brondii 
and  blood  yessels  are  conspicuous.  The  consolidated  area  is  somewhat 
spongy,  but  the  spongy  structure  seems  filled  with  a  translucent  material 
which  gives  a  smooth  surface.  There  are  also  yellowish  grey  points  of  con- 
solidation whicdi  have  central  lumina  as  though  representing  bronchioles. 
The  lower  lobe  is  filled  with  firm  nodules  which  are  easily  cut  In  its  u^er 
portion  there  is  an  area  of  consolidation  which  on  section  shows  many 
small  opaque  yellow  nodules  closely  set  in  a  purple  background.  The 
bronchial  glands  are  large,  grey  and  firuL 

The  right  lung  is  densely  adherent  over  its  whole  surface  andt  very 
Yoluminoua  The  bronchial  glands  are  firm,  large  and  greyish  red.  The 
upper  lobe  is  generally  air-containing,  but  shows  one  or  two  consolidated 
lobules  in  the  extreme  posterior  part  which  on  section  are  dark  red  in 
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coloTr  are  not  Terr  Ann  but  OBdematooa.  The  middle  lobe  is  air-oontaining 
thronglioat  The  lower  lobe  otrntains  eereral  nodules  of  firm  consistaicr. 
On  section  the  cut  sur&oe  is  qninkled  with  small  hemorrhagic  areas  with 
grej  central  oiwcity.  These  measure  not  more  than  3  or  4  mm.  in  diameter. 

Heart, — ^The  pericardium  contains  about  300  cc  d  turbid  greenish 
fluid.  The  whole  pericardial  surface  ia  rough  and  granular  looking  with 
hemorrhages  and  a  rather  thick  layer  of  fibrin  which  hangs  from  both 
membranes  in  long  strands  about  1  muL  in  thickness.  These  giro  the  heart 
an  extraordinarily  hairy  i^ipearance. 

CMUuret  from  the  blood,  pleura  and  lungs  failed  to  grow,  but  a  culture 
from  the  pericardium  gare  a  hemolytic  streptococcus.  Sections  and  smears 
from  the  bronchi  and  lung  showed  Pf eiirer's  bacillus. 

Microscopical  Notet.—The  right  lung  is  more  extensiy^y  altered  than 
the  left  in  that  the  pleura  is  greatly  thickened,  and  broad,  dense,  inter- 
lobular septa  run  through  the  tissue.  In  principle,  however,  the  changes 
are  alike.  The  interlobular  septa  are  wid^ied  not  by  oedCTuw  but  by  newly 
formed  connective  tissue.  The  lymi^iatics  are  very  inconq»icuous,  but 
sometimes  contain  fresh  fibrinous  coagula.  The  bronchi  and  bronchioles 
are  profoundly  altered.  They  are  in  most  cases  lined  with  an  intact  layer 
of  epithelium  which  is  pMineated  by  leucocytes.  They  contain  a  purulent 
exudate  which  is  loaded  with  influenza  bacilli  in  swarms,  but  contains  no 
other  organisms.  Bfany  of  the  smaller  bronchioles  have  lost  part  of  their 
epithelium,  which  is  crumpled  together  in  the  middle,  and  are  occupied 
partly  by  a  flbrinous  coagulum,  partly  by  vascular  granulation  tissue  which 
springs  up  everywhere  from  the  walL  Such  columns  of  newly  formed  con- 
nective tissue  are  numerous  and  extend,  obliterating  the  lumen,  from  the 
bronchiole  down  into  the  ductulus  and  into  the  air  cells.  The  walls  of  the 
bronchi  and  bronchioles  are  greatly  thickened  by  new  connective  tissue 
and  d^isely  inflltrated  with  mononuclear  cells,  lymphocytes,  plasma  cells 
and  larger  mononuclears. 

The  blood  vessels  are  less  affected,  but  many  of  the  more  terminal 
branches,  arteries  as  well  as  veins,  are  blocked  with  peculiar  thrombi  which 
are  almost  entirely  made  up  of  leucocytes.  No  bacteria  can  be  found  in 
these  thrombi  and  only  a  delicate  network  of  flbrin. 

The  alveolar  walls  are  thickened  and  in  many  cases  also  inflltrated  with 
mononuclear  cells.  They  contain  an  exudate  which  is  very  luemorrhagic, 
but  which  in  most  cases  is  largely  replaced  by  the  organizing  connective 
tissue.  Where  the  exudate  appears  to  be  fresh,  it  is  composed  chiefly  of 
red  corpuscles  and  a  few  lymphoid  cells,  or  of  pure  blood. 

Two  small  bronchioles  were  found  to  contain  radially  arranged  masses 
of  some  form  of  sporotrichum,  but  search  elsewhere  failed  to  reveal  any 
more  oi  it.  It  seems  probable  that  it  had  little  or  nothing  to  do  with  the 
development  of  the  widespread  lesion.  A  haemolytic  streptococcus  was 
obtained  in  culture  from  the  lungs,  pleura  and  pericardium,  but  since 
none  could  be  found  in  sections  of  the  lung,,  in  the  presence  of  myriads  of 
influenza  bacilli,  its  pcurt  also  seems  negligible. 
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Case  91.»C.  F.  W.  Taken  sick  six  weeks  ago  witb  chills,  coryza  and 
general  malaise.  Was  In  bed  four  weeks,  got  up  for  several  days  and  then 
went  back  to  bed.  Admitted  to  hospital  October  5,  1918,  with  distant 
breath  sounds,  slight  dullness  over  the  backs  and  evidences  of  the  pres^ice 
of  fluid  in  the  chest  Moist  rftles  and  bronchovesicular  breathing  over  both 
lower  lobes.  There  was  albuminuria.  Temperature  103-100^.  Died  Octo- 
ber 14, 1918.    Autopsy  one  hour  after  death. 

Anatomical  DiagnoHs. — Lohular  pneum^mia  {tight)  ioith  ah8ces8  formO' 
tion  and  empyema. 

The  left  pleura  is  partly  obliterated  by  adhesions,  but  the  posterior  part 
of  the  cavity  contains  about  130  c.  c  of  greenish  purulent  fluid. 

The  right  pleura  is  obliterated  anteriorly  by  adhesions,  although  there 
is  a  pocket  of  pus  between  the  flfth  and  sixth  ribs  partly  overlying  the 
pericardium.  There  are  several  smaller  cavities  formed  among  the  adhe- 
sions over  the  surface  of  the  lung  and  fllled  with  pus.  While  these  are 
circumscribed  and  flattened,  the  one  overlying  the  pericardium  extends 
backward  to  communicate  with  the  main  pleural  cavity  which  forms  a  sac 
lined  with  yellowish  granulation  tissue  and  a  flbrinopurulent  exudate, 
consisting  of  about  a  litre  of  thick  greenish  pus. 

The  left  lung  is  quite  collapsed,  but  can  be  insufflated  and  is  then  found 
to  be  air-containing  throughout 

In  the  right  lung  the  upper  lobe  is  collapsed,  soft  and  pasty,  but  shows  no 
areas  of  c(msolidation.  The  lower  lobe  is  bulky  and  fairly  flrm,  but  fluc- 
tuant in  its  posterior  part  On  section  it  is  found  to  contain  many  ramify- 
ing abscess  cavities  into  which  hang  shreds  of  necrotic  tissue.  The  largest 
of  these  in  the  posterior  part  of  the  lung  measures  6  cm.  in  diameter  and  is 
fllled  with  necrotic  debris.  The  surrounding  lung  tissue  is  firm,  very 
yellow  and  presents  a  rather  rough  cut  surface. 

No  cultures  were  made. 

Microscopical  ^a;amina^<on.— Sections  through  the  right  lung  show  that 
the  pleura  is  greatly  thickened  by  a  new  growth  of  granulation  tissue 
through  which  abundant  vessels  spring  up  into  the  overlying  flbrinous 
exudate.    Pneumococci  are  found  in  this  exudate. 

The  interlobular  septa  are  broad  and  dense  and  moderately  inflltrated 
with  mononuclear  wandering  cells.  The  lymphatics  are  frequently  throm- 
bosed and,  in  some  instances,  enormously  distended  into  abscess-like  cavi- 
ties fllled  with  a  purulent  exudate  which  is  bordered  by  a  layer  of  large 
vacuolated  mononuclear  cells. 

The  substance  of  the  lung  in  general  is  indurated  by  the  thickening  of  all 
the  skeletal  tissues;  the  walls  of  the  bronchi  and  blood  vessels  are  simi- 
larly thickened  and  inflltrated.  The  bronchi  are  not  dilated,  their  epi- 
thelium is  usually  intact  and  they  contain  a  purulent  exudate  rich  in 
pneumococci  and  containing  some  influenza  bacilli 

Large  abscesses  are  scattered  throughout  the  section.  In  some  of  these 
the  contour  of  the  necrotic  lung  substance  can  be  traced  for  a  great  dis- 
tance. In  others  the  alveolar  walls  are  destroyed  and  the  cavity  contains 
only  a  fluid  purulent  exudate.    The  surrounding  tissue  presents  marked 
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alteration,  Imt  scarcely  of  the  type  of  an  ordinary  pneumonia.  Instead  the 
alveolar  walls  are  everywhere  thickened  and  somewhat  infiltrated  with 
mononuclear  cells.  The  alveolar  epith^iom  is  iM'ominent  and  deeply 
stained.  The  cells  seem  almost  to  hang  into  the  lumen  on  stalks,  and  the 
wall  presents,  therefore,  a  scalloped  appearance.  The  cavities  of  the  alveoli 
are  practically  filled  with  clumps  of  very  large  cells  with  shrunken  wrinkled 
nuclei  and  foamy  vacuolated  protoplasm.  It  is  impossible  to  say  certainly 
whether  these  are  desquamated  epithelial  cells  or  not,  but  since  their 
nuclei  are  unlike  those  of  the  definite  epithelial  lining  cells  in  that  they 
have  not  a  conspicuously  stained  nucleolus,  it  seems  possible  that  they 
may  be  swollen  mononuclear  phagocytes,  especially  since  there  are  many 
of  these  cells  mingled  with  them.  The  suggestion  is  further  supported  by 
the  fact  that  the  larger  vacuolated  cells  are  som^imes  found  in  the  sub- 
stance of  the  alveolar  or  bronchial  walls. 

In  many  alveoli  this  cellular  exudate  is  being  invaded  by  new  connective 
tissue  and  blood  vessels,  and  overgrown  by  new  alveolar  epithelium.  This 
organization,  which  occurs  despite  the  fact  that  there  is  relatively  little 
fibrin  in  the  alveoli,  leads  to  the  formation  of  long  strands  which  extend 
far  through  the  tissue. 

These  cases  have  been  grouped  together  because  in  them  the 
influenza  bacillus  of  Pfeiffer  was  the  predominant  and  in  several  cases 
the  only  organism  present.  They  agree  very  closely  in  the  character 
of  the  changes  in  the  lungs  and  differ  from  those  in  the  preceding  group 
chiefly  in  the  absence  of  haemorrhage  and  in  the  induration  of  the  frame- 
work of  the  lung  and  the  organization  of  the  exudate.  It  seems  pos- 
sible that  these  differences  may  be  accounted  for  by  the  fact  that  in 
these  the  illness  had  an  average  duration  of  nineteen  days  instead  of 
thirteen  as  in  the  preceding  group. 

In  cases  81  and  86^  the  influenza  bacillus  was  present  in  pure  cul- 
ture; in  cases  80^  88  and  89  it  was  practically  the  only  organism 
present^  but  in  cases  87  and  91  there  were  also  many  other  bacteria 
with  corresponding  complications  in  the  anatomical  alterations  in  the 
form  of  abscesses,  empyema^  etc. 

In  those  cases  in  which  there  was  no  obvious  complication  produced 
by  other  bacteria,  we  may  expect  to  find  the  characteristic  lesions 
produced  by  the  influenza  bacillus  and  this  is  particularly  true  of  cases 
81  and  86,  but  almost  equally  so  of  cases  80, 88,  and  89. 

There  is  no  great  amount  of  pleural  exudate  and  indeed  such  as  was 
present  may  be  organized  into  adhesions  which  obliterate  the  pleural 
cavity.  The  lung  is  pale  and  dry  and  its  cut  surface  is  roughened  by 
numerous  projecting  nodules  which  are  grey  or  yellowish  grey,  trans- 
lucent, and  smoothly  cut  through  with  the  knife.    Each  is  seen  to 
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gnrromid  a  central  bronchiole  which  containe  a  minute  droplet  of 
yellow  pus.  SometimeB  these  nodules  are  confluent  and  fonn  fairly 
large  areas  of  grey^  elastic,  rather  translucent  tissue  with  foci  of  yellow 
opacity  where  the  bronchioles  present  themselves  on  the  cut  surface. 
The  larger  bronchi  are  filled  with  thick  yellow,  sticky  pus,  which 
contains  the  influenza  bacilli.  The  lung  tissue  between  the  firm 
nodules  is  air-containing. 

Mioroacopically,  there  is  infiltration  of  all  the  frameworic  of  the 
lung  with  wandering  cells  and  much  new  formatiou  of  connectiTe 
tissue  BO  that  the  {deura,  the  interlobular  septa,  the  bronchial  and 
Tessel  walls,  and  even  the  alveolar  walls  in  the  indurated  areas,  are 
thickened  and  rendered  dense  by  the  addition  of  new  cells  and  fibres. 
The  lymphatics  in  these  structures  are  not  dilated  nor  do  they  contain 
bacteria — ^instead,  they  are  often  thrombosed  or  obliterated  by  the 
organization  of  such  thrombi. 

The  bronchioles  contain  a  purulent  exudate  with  many  influenza 
bacilli  enclosed  in  the  phagocytic  leucocytes.  Their  epithelium  is 
usually  intact  or  interrupted  in  places  from  which  there  spring  up 
columns  of  newly  formed  connectiye  tissue  which  extend  far  into  the 
corresponding  alveoli.  Their  walls  are  densely  infiltrated  with  mono- 
nuclear cells  and  often,  also,  with  polymorphonuclear  leucocytes.  The 
alvedi  contain  an  exudate  composed  of  polymorphonuclear  leucocytes 
with  desquamated  epithelial  cells,  fibrin  and  relatively  few  mononuclear 
or  red  corpuscles.  The  alveolar  epithelium  may  be  partly  desquamated 
or  it  may  have  taken  part  in  the  organization  of  the  intra-alveolar 
exudate  and  spread  over  the  newly  formed  connective  tissue  in  the 
lumen.  In  other  cases,  great  hyperplasia  of  the  epithelium  occurs  and 
the  alveolus  becomes  almost  filled  by  a  mass  of  its  new  cells.  The 
alveolar  walls  are  infiltrated  with  leucocytes,  less  often  with  mononu- 
clear wandering  cells,  and  their  thickness  is  increased  by  tiiis  as  well  as 
by  the  occasional  new  formation  of  connective  tissue  in  their  substance. 
All  this  applies  to  the  peribronchial  nodular  areas  of  induration. 
The  remaining  air-containing  lung  substance  is  usually  quite  normal 
in  appearance. 

This  lesion  shows  some  points  of  resemblance  to  that  described  as 
interstitial  bronchopneumonia  following  measles  and  said  to  be  caused 
by  the  tmiversally  present  streptococcus  hsemolyticus.  It  is  the  more 
important  that  they  should  be  compared,  inasmuch  as  the  infiuenza 
bacillus  was  found  associated  with  the  streptococcus  in  about  one- 
16 
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third  of  those  cases  and  it  might  be  thought  that  it  was  iesp<Misible 
there  also  for  the  iaterstitial  induration  and  organization  of  the 
exudate.  It  is,  of  course,  a  possibility  and  we  decided  that  in  one  or 
two  of  those  cases  in  which  the  influenza  bacillus  was  the  predominant 
oiganism  (Case  37  of  that  series)  it  was  almost  surely  responsible 
for  the  changes.  There  were,  however,  many  cades,  and  those  the  most 
typical  instances  of  the  interstitial  bronchopneumonia^  in  which,  while 
streptococci  were  present  in  great  numbers,  no  influenza  bacilli  could 
be  demonstrated  in  cultures,  smears,  or  in  sections. 

I  have  concluded,  therefore,  that  both  of  these  organisms  are  capable 
under  proper  conditions  of  producing  an  interstitial  broncho- 
pneumonia and  have  been  able  to  recognize  very  considerable  differ- 
^ices  between  these  two  forms.  That  produced  by  the  hsemolytic  strep- 
tococcus is  characterized  by  the  outpouring  of  a  great  pleural  exudate 
loaded  with  streptococci  which  is  due  to  the  rapid  transportation  of 
the  streptococci  through  the  greatly  dilated  lymphatics  of  the  lung 
to  the  pleural  surface.  The  lung  is  consequently  compressed  and 
rendered  atelectatic  by  the  pleural  exudate  but  it  remains  moist, 
bluish,  and  is  studded  throughout  with  nodules  of  firm  consistency  and 
of  varying  size.  These  are  peribronchial  and  scmietimes  constitute 
mantie-like  thidcening  of  the  bronchial  wall,  oftener  clustered  nodules 
about  the  terminal  bronchioles.  They  are  grey  or  yellowish  grqr,  but 
conspicuously  surrounded  by  hemorrhage  and  oedema — ^indeed,  the 
outer  zones  of  such  nodules  are  deeply  hffimorrhagic.  Polymorphonu- 
clear leucocytes  are  found  with  the  streptococci  in  the  bronchioles  but 
both  are  limited  to  that  position  and  do  not  fill  the  alveoli.  The 
alveoli,  on  the  contrary,  contain  dense  plugs  of  fibrin,  mononuclear 
wandering  cells,  and  blood.  The  alveolar  walls  are  infiltrated  like  the 
bronchial  walls  with  mononuclear  cells  and  not  with  leucocytes. 

Thus  the  influenzal  interstitial  bronchopneumonia  differs  from  this 
in  the  pallor  and  dryness  of  the  lung,  the  obliteration  or  inaction  of 
the  lymphatics  which  contain  no  bacteria,  the  absence  of  an  intense 
infection  of  the  pleura  with  outpouring  of  abundant  pleural  exudate, 
and  further,  in  the  fact  that  the  alveolar  as  well  as  the  bronchial 
exudate  is  usually  composed  of  polymor^dionuclear  leucocytes,  and  that 
these  invade  the  walls  of  the  alveoli.  It  is  true  that  in  what  we  have 
described  as  a  rather  more  acute  form  of  pulmonary  lesion  caused  by 
the  influenza  bacillus  hsemorriiage  is  predominant,  but  this  disappears 
when  the  organization  of  the  exudate  is  well  under  way. 
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Organization  of  the  exudate  is  much  more  prompt  and  complete 
than  in  any  of  the  cases  of  the  streptococcal  pneumonia,  and  the 
consequent  induration  of  the  peribronchial  areas  is  much  denser  and 
due  to  the  actual  new  formation  of  tissue  rather  than  to  infiltration 
with  mononuclear  cells. 

Although  it  is  not  easy  to  describe  in  a  convincing  way  the  differ- 
ences between  them,  there  is  such  an  extraordinary  divergence  between 
the  gross  and  microscopical  appearances  of  the  lungs  in  the  two 
conditions  that  there  is  really  no  di£Bculty  in  distinguishing  thenu 
In  one  we  have  a  purple  blue  collapsed  lung  floating  in  an  enormous 
pleural  exudate  with  peribronchial  nodules  of  grey^  fairly  firm,  tissue 
composed  of  alveoli  infiltrated  and  filled  with  fibrinous  plugs  embedded 
in  hemorrhage  and  oedema;  in  the  other,  a  pale,  dry,  air-containing 
lung  with  no  pleural  exudate,  and  studded  with  firm,  smooth,  grey 
translucent  nodules,  peribronchial  also  but  composed  of  alveoli  with 
their  walls  infiltrated  with  leucocytes  and  filled  with  leucocytes  and 
strands  of  tissue  and  not  surrounded  by  haemorrhage  or  oedema. 


The  upper  respiratory  passages  were  studied  in  these  cases  also  and, 
while  infection  of  their  mucosae  was  recognized  in  all  the  cases,  the 
anatomical  changes  produced  were  rather  slight.  The  frontal,  ethmoid 
and  s|dienoid  sinuses  and  the  antrum  of  Highmore  were  investigated 
in  a  number  of  cases  and  it  was  usually  found  that  the  organism  pre- 
dominant in  the  lung  was  there  also,  although  it  was  quite  often  the 
case  that  several  other  organisms  were  associated  with  it.  Staphylo- 
cocci were  often  found  there,  although  periiaps  not  present  in  the 
lung.  Thus,  in  cases  211,  214,  83  and  85  the  sinuses  contained  a 
staphylococcus  and  the  influenza  bacillus.  Cases  221  and  222  showed 
a'pneumococcus  in  these  sinuses.  They  were  usually  found  to  contain 
a  purulent  exudate. 

The  tonsils  were  but  little  affected  and  we  thought  that  they  played 
no  important  part  in  the  inception  or  in  the  course  of  the  disease.  The 
pharynx  was  reddened  and  sore,  especially  in  the  cases  in  which  the 
hamiolytic  streptococcus  was  foxmd.  Moderate  inflammatory  redden- 
ing of  the  larynx  was  frequent  in  all  the  intense  pneumonias  but  deep 
lesions  with  loss  of  substance  and  the  disabling  of  the  vocal  cords  were 
not  observed.  This  was  in  sharp  contrast  with  the  great  frequency 
of  severe  ulcerative  laryngitis  in  the  epidemic  of  streptococcal  pneu- 
monia following  measles.    In  only  three  of  these  cases  (82  and  per- 
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hi4>8  231  and  230)  wt8  tiieze  OTen  superficial  loss  of  subatance ;  on  the 
other  hand,  a  few  cases  showed  deep  reddening  oi  the  miicoea  of  the 
trachea  sometimes  with  a  pseudomembranous  exudate  (211,  217, 
6133),  while  in  almost  all  the  others  the  larynx  and  tnudiea  showed 
relatively  slight  changes  and  in  many  they  were  recorded  as  normal 
Partly  (m  this  account  and  partly  because  sections  of  the  trachea,  even 
ii^en  there  is  a  pseudomembranous  exudate,  have  shown  no  extensive 
filling  of  the  lymphatics  with  bacteria,  I  still  incline  to  the  view  that 
the  bacteria  which  reach  the  lung  do  so  by  way  of  the  bronchial  lumen. 

GkKERAL  S0MMAEY 

The  study  of  these  cases  has  been  made  with  a  view  of  determining, 
if  possible,  the  nature  of  the  infective  agents  which  produced  the 
disease  and  with  the  purpose  of  correlating,  if  possible,  the  anatomical 
changes  in  the  tissues  with  the  several  etiological  factors. 

Ko  direct  information  has  been  gained  as  to  the  nature  of  the  in- 
fective agent  which  with  such  great  rapidity  spreads  throughout  a 
community  and  causes  the  epidemic  disease  influenza,  which  is  espe- 
cially characterized  by  the  remarkable  speed  with  which  it  runs 
through  the  whole  susceptible  population.  The  diagnosis  indeed  is 
largely  supported  by  the  fact  that  the  somewhat  nondescript  symptoms 
have  appeared  in  the  course  of  an  epidemic  of  this  sort,  and  we 
should  have  beai  cautious  in  admitting  to  this  series  any  case  in  which 
death  from  pneumonia  had  followed  an  indefinite  febrile  affection 
with  general  aching  and  malaise,  no  matter  how  like  the  well  recog- 
nized cases,  if  it  had  occurred  at  a  time  when  there  was  no  epidemic. 
Indeed,  we  may  even  feel  somewhat  cautious  about  accepting  those 
cases  which  occurred  in  January  and  February  of  1920,  more  than  a 
year  after  the  clearly  outlined  epidemic  of  1918,  although  the  out- 
break had  every  appearance  of  being  a  recrudescence  of  the  original 
epidemic  disease  and  resembled  it  minutely. 

It  is  our  impression  that  epidemic  influenza  is  a  disease  produced 
by  some  infective  agent  which  differs  from  any  of  those  which  we  have 
deflnitely  recognized  in  that  we  cannot  see  it,  nor  stain  it,  nor  grow  it, 
nor  infect  animals  with  it.  It  has  not  even  been  artiflcially  transferred 
to  other  human  beings  in  spite  of  earnest  efforts  by  several  investi- 
gators. In  most  of  these  respects  it  bears  a  general  resemblance 
to  the  infective  agents  which  must  be  present  in  such  exanthematic 
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diaeafiea  aa  measles^  scarlet  fever,  smallpox,  ^.,  and,  indeed,  there 
is  much  to  suggest  a  resemblance  between  the  disease  influenza  and 
one  or  other  of  these  ezanthematic  diseases.  Bloomfield  has  observed 
a  rash  on  the  skin  and  in  the  mouth  and  pharynx  and  emphasizes  his 
feeling  thai  influenza  is  a  form  of  exanthematic  disease.  One  striking 
feature  in  which  it  further  resembles  some  of  these  diseases  is  in  the 
production  of  a  great  lowering  of  resistance  to  the  invasion  of  bacteria 
and  probably  of  other  infectious  agents.  This  appears  to  be  associa- 
ted with  the  leucopenia  which  is  usually  observed. 

Whether  any  of  the  pathological  alteraticms  found  in  the  lungs  and 
elsewhere  can  be  ascribed  to  the  action  of  the  influenza  itself  must 
remain  rather  uncertain,  since  no  autopsy  has  been  performed  in  which 
it  was  not  found  that  the  person  had  succumbed  to  a  pneumonia  in 
which  bacteria  were  present  in  the  tissues.  The  only  lesion  which  is 
fairly  common  in  these  cases,  and  extremely  uncommon  in  pneumonias 
produced  by  bacteria  in  ordinary  times  when  there  is  no  epidemic  of 
influenza,  is  that  which  has  been  so  frequently  described  above,  the 
great  dilatation  of  the  ductuli  alveolares  with  hyaline  lining  in  the 
midst  of  a  very  fresh  pneumonia.  Goodpasture  has  suggested  that 
this  may  be  a  true  influenza  effect  and  I  am  inclined  to  agree  with  him, 
although  absolute  proof  is  wanting. 

Great  confusion  has  been  brought  into  the  matter  from  the  fact  that 
Pf eiffer  when  he  found  a  haamoglobinophilic  bacillus  in  the  bronchi  of 
many  persons,  long  after  the  last  great  epidemic  of  influenza,  named 
it  the  B.  influenza.  The  name  in  itself  seemed  sufficient,  when  the 
recent  epidemic  b^an,  to  establish  this  organism  in  the  minds  of 
some  as  the  actual  etiological  factor  in  the  disease.  The  bacillus  is  a 
very  common  and  widespread  one  and  is  indeed  an  important  patho- 
genic organism  ci^Mible  of  causing  various  well-defined  anatomical 
lesions  and  corresponding  forms  of  disease.  It  need  not  be  empha- 
sized here  that  there  are  several  distinguishable  types,  which  are 
probably  related  to  different  conditions  such  as  meningitis  in  children, 
etc.  Furthermore,  it  was  unfortunate  that  those  who  first  encountered 
the  disease  in  this  country,  with  its  attendant  pneumonia,  actually 
found  the  influenza  bacillus  as  the  predominant  organism^  with  a  l^pe 
of  imeumonia  which  has  since  been  shown  to  be  the  characteristic 
result  of  its  presence. 

But  study  of  the  post-influenzal  pneumonias  in  various  camps  and 
hospitals  throughout  the  country  ultimately  ccmvinced  nearly  every- 
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one  that  thh  particular  bacUlus  was  by  no  means  constantly  associated 
with  the  disease  and  that  there  were  many  eases  in  which  one  or  other 
type  of  pnenmococcns  was  present  in  pure  culture  or  in  which  the 
pneumonia  was  clearly  due  to  the  hemolytic  streptococcus.  Those, 
especially,  who  themselves  had  opportunities  of  observing  the  disease 
in  several  widely  separated  places  were  readily  convinced  that, 
although  the  influenza  was  uniform  and  constant  in  every  place^  the 
type  of  bacterial  infection  producing  the  pneumonia  differed  with  the 
locality  and  depended  on  local  prevalence  or  up<m  the  presence  of 
carriers  of  some  virulent  organism  and,  therefore,  upon  the  develop- 
ment of  a  local  epidemic  of  streptococcus,  staphylococcus,  influenza 
bacillus,  or  other  infection.  That  mixtures  of  various  organisms  com- 
monly appeared  was  well  recognized  and  it  became  quite  dear  that  the 
bacterial  invasion  was  essentially  a  secondary  phenomenon,  the  result  of 
the  great  low^^ng  of  the  resistance  of  these  individuals  by  the  primary 
disease  influenza  which  laid  them  opai  to  infection  of  the  intensest 
character  with  almost  any  organism  which  they  happaied  to  inhale. 

This  infection  assumed  the  most  destructive  viol^ice  because  the 
evident  lowering  of  the  resistance  of  the  tissues  left  them  to  react 
merely  like  an  inert  culture  medium  in  which  bacteria  could  grow  in 
unheard  of  quantities. 

It  is  the  especial  aim  of  this  paper  to  point  out,  as  was  done  before 
in  a  brief  summary,  the  typical  reaction  of  such  Itmgs  to  the  invasion 
of  special  bacteria.  While  this  has  been  belittled  by  several  writers, 
the  descriptions  of  the  cases  given  above  will  show  clearly  enough  that 
these  ^ical  forms  of  pneumonia  are  fairly  readily  recognizable. 
There  is  not  the  slightest  di£Sculty  in  outlining  precisely  the  type  of 
change  produced  in  the  lungs  by  an  intense  infection  with  the  hsemo- 
lytic  streptococcus.  Nor  is  there  any  difficulty  in  recognizing  the  very 
specific  form  of  the  pneumonic  changes  produced  by  the  influenza 
bacillus,  whether  in  its  acuter  or  less  acute  form.  The  pneumonia  pro- 
duced by  the  staphylococcus  we  have  hardly  seen,  but  an  epidemic  has 
been  described  by  Chickering  in  such  a  way  that  it  could  be  readily 
recognized. 

There  remains  the  group  caused  by  the  pneumococcus  and  in  these 
it  must  be  said  that  the  lesions  produced  have  not  the  striking  peculi- 
arities of  the  other  groups  but  are  practically  those  which  are  all  too 
familiar  from  their  close  correspondence  with  the  effects  of  the  invasion 
of  pneumococci  in  the  lungs  of  persons  dying  of  pneumonia  at  times 
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when  there  is  no  epidemic  of  influenza.  QuantitatiYely  and  in  the 
completeness  or  maturity  of  the  lesion  these  pneumonias  did  not  often 
reach  the  character  of  the  ordinary  lobar  pneumonia.  Death  usually 
occurred  when  the  consolidation  was  still  patchy^  and  showed  clearly 
its  origin  as  a  lobular  affection,  but  except  for  the  lesion  which  we 
have  surmised  to  be  an  effect  of  the  influenza  itself  there  is  no  great 
difference  between  the  character  of  the  pulmonary  changes  in  lobar 
pneumonia  and  in  these  cases.  It  is  true  that  the  inflammatory  exudate 
is  often,  perhaps  usually,  much  less  homogeneous  than  that  observed  in 
lobar  pneumonia,  patches  of  dense  consolidation  being  surrounded  by 
zones  of  fresher  exudate,  haemorrhage  and  oedema,  but  qualitatively 
there  seems  to  be  no  fundamental  difference  between  them.  The 
enormous  proliferation  of  the  pneumococci,  rapidly  calling  out  an 
extreme  oedema  with  hemorrhage,  gives  these  lungs  a  very  moist,  boggy 
character  at  first,  but  many  of  them  in  later  stages  showed  extensive 
dry  areas  of  uniform  consolidation  in  which  the  alveoli  and  terminal 
bronchioles  were  packed  with  an  exudate  of  leucocytes,  fibrin  and 
blood.  The  infiltration  of  the  pleura  with  the  overlying  exudate,  and 
of  the  interlobular  septa  and  bronchi,  is  much  less  conspicuous  than 
in  the  case  of  other  infections  and  is  of  the  character  always  familiar 
in  pneumococcal  infections. 

Even  in  those  cases  which  we  hare  separated  for  the  sake  of  empha- 
sizing the  lesion  of  the  ductules,  those  instances  in  which  the  pneumo- 
coccus  is  the  predominant  or  sole  organism  present  show  an  exudate 
which  is  essentially  of  this  character. 

The  others  of  that  group,  in  which  bacteria  are  few,  are  not  numer- 
ous enough  nor  perhaps  intensely  enough  infected  to  give  a  clear  idea 
of  what  the  type  of  lesion  should  be  to  correspond  with  the  bacteria 
formed  in  them.  One  case  (5706)  contained  scattered  streptococci 
but  so  few  that  it  certainly  did  not  represent  the  type  of  streptococcal 
infection.  So,  too,  with  those  which  contained  staphylococci  and  those 
in  which  only  unidentified  gram-negative  coed  were  found.  Even 
the  influenza  bacilli  which  were  found  in  two  cases  scarcely  sufficed, 
it  would  appear,  to  produce  any  characteristic  lesiona.  With  these 
exceptions  in  which  bacteria  were  present  in  such  small  numbers,  all 
the  cases  fall  naturally  into  their  respective  groups  and  maintain  the 
characters  peculiar  to  the  effects  of  those  bacteria. 
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PLATE  LIV 


Fio.    1    (Case   218). — Confluent  lobular   pneumonia.    Pneu- 
mococcus  IV,    In  the  lower  lobe  the  consolidation  is  remark- 
ably patchy.    Pleural  hemorrhages  over  the  base. 
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PLATE  LV 


Fig.  2  (Case  223). — Fresh  lobular  pneumonia.    Pneumocovcus  IV.    The  ductuli  alveolares  are  dilated 
and  lined  with  a  hyaline  layer.    The  exudate  in  the  alveoli  is  \ery  fresh. 
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Fio.  3  (Case  224).— Right  lung.  Widespread  fresh  pneu- 
monic consolidation  with  hsmorrhagic  oedema.  Pneumocoo- 
CU8  IV, 


Digitized  by 


Google 


Digitized  by 


Google 


THE  JOHNS  HOPKINS  HOSPITAL  REPORTS,  Vol.  XX  PLATE  LVII 


Fig.  4  (Case  224).— Fresh  pneumonic  consolidation  with  dilatation  of  ductuli. 
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Fig.  5  (Case  224). — From  the  same  case  more  highly  magnified,  showing  the  hyaline  lining  of  the 
widened  ductuli  and  abundant  small  mononuclear  cells  in  the  exudate.    Pneumococcus  IV. 
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Fig.  6  (Case  82).— Right  lung.     Extremely  fresh  con- 
fluent   lobular    pneumonia.      Pneumococcus,    M.    catar- 
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PLATE  LX 


posed  chiefly  of  red  corpuscles  with  delicate  strands  of  fibrin,  but 
containing  also   (1)    polymorphonuclear  neutrophile  leucocytes, 

(2)  mononuclear  wandering  cells  with  rather  basophilic  cytoplasm, 

(3)  the  relatively  small  cells  with  deeply  stained  small  round 
nucleus  and  neutrophile  cytoplasmic  granulations  described  in  the 
text,  and  (4)  lymphocytes. 
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Pi(}.  8  (Case  211). — Right  lung.     Early  confluent  lobular  pneu- 
monia.   Staphylococcus  and  B.  influenzw. 
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Fio.  9  (Case  211). — Pseudomembranous  laryngitis  and 
tracheitis. 
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PLATE  LXIII 


Fig.  10  (Case  83).— Left  lung.  Confluent  lobular 
pneumonia.  Oram-negative  coccus^  possibly  a  menin- 
gococcus. 
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Fig.  11  (Case  216).— Right  lung.    Confluent  lobular  pneu- 
monia.   Pneumococctis  IV. 
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Fio.  12   (Case  227).— Right  lung.     Confluent  lobular 
pneumonia.    Pneumococcus  IV. 
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Fig.  13  (Case  228). — Right  lung.  Advanced  confluent  lobular 
pneumonia  assuming  practically  lobar  extent.  Pneumococcus  IV 
and  small  Oram-negative  cocci. 
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Fig   14  (Case  228). — Hyaline  fibrinous  thrombi  of  the  capillaries  of 
the  alveolar  wall  with  radiation  of  fibrin  into  the  alveolar  cavity. 
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Fig.  15  (Case  228).— Another  alveolus  showing  the  obstruction  of  the  capil- 
laries in  one  area  by    hyaline    fibrin. 
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Fio.  16  (Case  214).— Left  lung.    Fresh  hemorrhagic  pneu- 
monic consolidation.    B.  influenzw. 
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Fig.  17  (Case  220).— Right  lung.  Peribronchial  consolida- 
tion with  extensive  hsemorrhage.  No  bacteria  found,  but 
the  lesion  is  comparable  to  that  of  Case  214. 
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Pig.  18   (Case  81).— Right  lung.     Interstitial  broncho-     '• 
pneumonia.    B.  inftuenzm. 
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PLATE  LXXII 


Fig.  19  (Case  81).— Left  lung  showing  small  promi- 
nent peribronchial  nodules  like  tubercles. 
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PLATE  LXXIII 


Pig.  20  (Case  81).— Right  lung.   Peribronchial  infiltration  and  induration.    ^.^nHucnztr. 
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Fio.  21  (Case  86).— Left  lung.  Interstitial  broncho- 
pneumonia. 
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Fig.  22  (Case  86). — Thickening  and  infiltration  of  wall  of  bronchiole  with  peribronchiolar  exudate 

and   induration.     B.    influenza!. 
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Pig    23   (Case  89).— Left  lung.     Interstitial  bron- 
chopneumonia.   B,  influenzw. 
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LYMPHOSAECOMA.    LYMPHATIC  LEUKEMIA.    liEUCO- 
SARCOMA.    HODGKIN'S  DISEASE 

By  L.  T.  WEBSTER 

(Department  of  Pathology f  The  Johns  Hopkins  University,  Baltimore,  Md.) 

In  1832,  Hodgkin  brought  together  a  series  of  cases  characterized 
by  a  general  swelling  of  the  lymph  glands  and  spleen.  Tuberculosis 
and  leukaemia,  as  well  as  the  disease  which  now  bears  his  name,  were 
probably  included.  Virchow  (1845),  describing  splenic  and  lymphoid 
leuksemia,  sharply  distinguished  cases  of  glandular  enlaigement  asso* 
ciated  with  an  increase  in  the  number  of  white  blood  corpuscles. 

The  large  group  remaining,  unassociated  with  blood  changes,  has 
been  discussed  at  length.  Wilkes,  in  1856,  described  a  general  disease 
of  the  lymph  glands  beginning  in  the  neck  and  progressing  to  tumor 
formation  of  the  internal  organs  associated  with  ansmia  and  cachexia. 
This  condition  he  called  lymphatic  anaemia  but  later  (1865)  all  cases 
of  general  glandular  enlai^ement  without  leukaemia  were  called  by 
him  Hodgkin's  disease.  At  about  this  time,  Germans  were  reporting 
similar  cases— Wunderlich  (1858),  Lambl  (1860),  Billroth  (1861). 

It  remained  for  Virchow,  however,  in  1863,  to  offer  the  first  intelli- 
gible classification  based  on  previous  case  reports  and  his  own  observa* 
tions.    In  brief,  it  is  as  follows: 

1.  Leuksemic  lymphoma. 

2.  Simple  hyperplastic  lymphoma  involving  lymphoid  tissue  and 
spleen;  transition  stage  between  leuksemic  lymphoma  and  lympho* 
sarcoma. 

3.  Lymphosarcoma.  Tumors  consisting  of  simple  hyperplasia  of 
gland  elements  progressing  in  spite  of  all  treatment.  They  approach 
leukaemic  tumors  at  times,  differing  only  by  absence  of  blood  picture. 

(a)  Soft  form;  proliferation  of  ordinary  lymphoid  cells. 

(b)  Hard  form;  great  increase  in  connective  tissue  and  recticulum. 
Finally  lymphoid  cells  tend  to  disappear. 

But  what  Wilkes  in  England  had  called  Hodgkin's  disease,  and  Vir- 
chow in  Germany  had  called  lymphosarcoma,  was  still  to  receive 
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farther  labels.  Trousseau,  in  1865,  after  a  most  careful  study,  con- 
cluded that  leukemia  and  ^U'ad6nie"  were  distinct  affecticms  with 
different  etiology  and  course.  After  Wunderlich's  excellent  summary 
of  cases  (1866),  Langhans  (1872)  comments  on  Virchow^s  classifi- 
cation and  prefers  the  term  ^^  malignant  lymphosarcoma.^'  The  soft 
form,  according  to  him,  is  a  disease  of  the  entire  lymphatic  system 
frequently  accompanied  by  infiltrations  into  the  liver,  kidneys,  ovaries, 
and  other  organs.  The  hard  form  with  decrease  in  lymphocytes,  pro- 
liferation of  reticulum  and  connective  tissue,  is  histologically  quite 
different.  Birch-HiiBchfeld  and  Langhans  mention  giant  cells  ob- 
served in  the  hard  form. 

We  note  then,  as  far  back  as  1863,  the  microscopic  distinction  be- 
tween lymphoid  hyperplastic  conditions  and  reticulum-endothelial  cell 
hyperplastic  conditions.  But  Winiwarter  (1875)  and  many  others 
since  his  time  have  refused  to  accept  two  pathological  entities  and 
consider  Virchow's  hard  and  soft  forms  of  lymphosarcoma  as  stages 
in  the  development  of  a  single  process. 

From  this  Hodgkin's-lymphosarcoma-Pad6nie  group,  Kundrat 
(1893)  extracted  a  series  of  cases  to  which  he  gave  the  name,  now  in 
use,  of  *^  lymphosarcoma.^'  According  to  his  description,  this  disease 
originates  from  a  single  lymph  gland  or  follicle,  breaks  through  the 
capsule  and  invades  locally  by  way  of  the  lymphatics.  No  diffuse  or 
nodular  metastases  in  the  liver  or  spleen  occur;  no  bone  marrow 
changes. 

Still  there  continued  to  appear  in  the  literature  from  time  to  time 
peculiar  cases  difficult  to  classify.  Hutchinson  reports  a  lymphoid 
tumor  in  a  19-year  old  boy  which  involved  subcutaneous  tissue,  brain, 
retroperitoneal  fascia,  as  well  as  lungs,  intestine,  kidneys,  and  mes^i- 
teric  glands.  The  W.  B.  C.  were  "  slightly  increased.''  Heddon  de- 
scribes a  14-pound  abdominal  tumor  of  the  mesenteric  glands  asso- 
ciated with  general  glandular  enlargement  and  infiltration  of  liver 
and  spleen.  Cohnheim  (1865),  using  the  term  ^^  pseudoleuksemia," 
described  a  case  where  gross  and  microscopical  findings  resembled 
leukaemia  but  which  lacked  the  characteristic  blood  changes.  And 
again,  Gopperfs  case  (1896),  that  of  a  three-year  old  child  who  had 
at  autopsy  lymphoid  tumors  of  kidney,  thymus,  inguinal  and  retro- 
peritoneal glands,  with  infiltration j)f  spleen,  liver,  and  bone  marrow, 
is  another  example  of  the  many  bizarre  pictures  observed  in  this  group. 
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From  Virchow^s  hard  form  of  lymphosarcoma  with  its  addenda  by 
Langhans^  Winiwarter^  Birch-Hirschfeld,  and  others^  D.  Beed^  in  1902, 
crystallized  the  conception  of  "  a  pathological  entity,  the  main  features 
of  which  are  painless  progressive  glandular  enlargements,  usually 
starting  in  the  cervical  region,  without  the  blood  changes  of  leukaemia. 
The  growth  presents  a  specific  histological  picture  consisting  of  prolif- 
erations of  tile  reticular  and  endothelial  cells,  formation  of  lymphoid 
cells,  characteristic  giant  cells,  and  a  gradual  increase  of  connective 
tissue,  resulting  in  fibrosis.  The  microscopical  examination  is  suffi- 
cient for  the  diagnosis.*' 

Finally,  Sternberg,  in  1908,  differentiated  a  number  of  cases  charac- 
terized by  tumor  growths  of  different  organs  and  a  leukaemia  of  a  large 
lymphocyte  type.    To  this  group  he  gave  the  name  ^^  leukosarcoma.*' 

Nothing  has  been  added  to  clear  our  confused  ideas  since  1908. 
Hirschfeld  and  Eaufmann  believe  that  lymphosarcoma  may  be  lo- 
calized or  general,  involving  the  entire  lymphatic  apparatus.  Hesse 
woxdd  include,  xmder  the  term  ^'  aleuksemic  lymphadenosis,"  all  types 
of  lymphosarcoma,  local  or  general,  and  adds  that  between  lymphatic 
leukaemia  and  aleukaemic  lymphadenosis  there  is  a  gradual  but  no 
essential  difference.  This  latter  relationship  has  been  uiged  by  Hirsch- 
feld, Bibbert,  and  Baumgarten,  and  an  explanation  has  been  offered 
by  Pappenheim,  who  says  that  if  the  disease-causing  agent  attacks  the 
bone  marrow,  lymphoid  leukaemia  results,  if  it  attacks  the  glands, 
lymphosarcoma  is  the  consequence. 

What  then  is  the  present  status  of  this  group  of  diseases  and  is  it 
possible,  without  direct  experimental  etiological  studies,  to  simplify 
the  classification  and  to  eliminate  a  part  of  the  existing  confusion? 

To-day,  tmder  the  term  "  lymphatic  leukaemia,'*  it  is  customary  to 
include  all  cases  with  a  permanent  increase  in  the  lymphocytes  of  the 
blood  ajssociated  with  a  hyperplasia  of  the  lymphoid  tissue.  Cases  of 
general  glandular  enlargement,  infiltration  of  parenchymatous  organs 
and  bone  marrow  but  no  clinical  blood  changes  (pseudoleukaemia),  as 
well  as  cases  of  leukaemia  associated  with  an  invasive  tumor  (leuko- 
sarcoma),  are  usually  wedged  into  this  group.  **  Lymphosarcoma '' 
has  so  far  lost  the  meaning  ascribed  to  it  by  Kundrat  that  it  seems 
to  include  eveiything  from  his  strictly  localized  invasive  tumor  to  such 
a  case  as  has  been  recently  described  by  Schnyder.  It  concerned  a 
white  male,  aged  17  years,  who  three  weeks  before  death  devdoped 
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pains  in  his  back,  dyspnoea,  and  weakness.  The  blood  count  showed 
a  leucocytosis  of  12,300  with  P.  M.  N.  69  per  cent,  and  L.  13  per  cent. 
Autopsy  showed  an  invasive  tumor  of  the  mediastinum  and  pleura 
with  involvement  of  lymph  glands,  adrenals,  kidneys,  liver,  gall  bladder, 
dura  mater,  femur,  tonsils  and  tongue  follicles.  In  other  words,  we 
have  returned  to  Virchow^s  idea  of  the  soft  form  of  lymphosarcoma. 
Hodgkin's  disease,  Virchow^s  hard  form  of  lymphosarcoma,  sharply 
defined  by  Reed  and  Ziegler,  is  usually  considered  to  be  an  entity. 
But  the  ever-increasing  "  intermediate  forms  and  transitional  stages  ^' 
between  lymphatic  kukannia  and  lymphosarcoma  and  between  lympho- 
sarcoma and  Hodgkin's  disease  increase  beyond  reason  the  power  of 
the  personal  equation. 

TABLE  ILLUSTRATING  PRESENT  CLASSIFICATION 

Lymphatic  Leukaemia  *< Lymphosarcoma     Hodgkin's  Disease 

(a)  Typleal  .  (a)  Local  (Kondrat)  a  (a)  Typical 

1 1  (b)  Atypical  blood  picture    t  (b)  General  T  (b)  Transitional 

!  (Pseudoleakaeinia) 

^    (c)  Invasive  tumor 

(Leukosarcoma) 

So  much  for  the  present  status  of  this  group.  It  remains  now  to 
describe  a  number  of  cases  of  leukosarcoma,  lymphosarcoma,  lymphatic 
leukaemia,  and  Hodgkin's  disease,  discuss  them,  and  propose  a  more 
simple  classification. 

Lbueosabooma 

Leukosarcoma  was  used  by  Sternberg  to  designate  a  group  of  cases 
characterized  by  a  leukaemic  blood  picture  and  an  invasive  lymphoid 
tumor.  The  origin  of  this  tumor,  neoplastic  in  nature,  might  be  any- 
^ere — breasts,  skull,  mediastinum.  The  blood  picture  is  not  that  of 
a  small  lymphocytic  leukaemia  but  shows  a  high  percentage  of  large 
lymphoid  or  **  leukosarcoma  *'  cells.  Helly  apparently  goes  further  by 
differentiating  leukosarcoma  (a  true  neoplastic  tumor)  according  to 
its  association  with  ^^  lymphopaenia,  sublymphaemia,  or  lymphaemia.'' 
On  the  other  hand,  Tiirk  and  Naegeli  believe  that  leukosarcoma  is  only 
a  stage  of  lymphatic  leukannia. 

I  will  describe  four  cases  taken  from  the  autopsy  records  of  The 
Johns  Hopkins  Hospital  and  will  summarize  22  cases  collected  from 
the  literature.    Prom  this  study,  it  may  be  possible  to  derive  a  more 
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precise  knowledge  of  the  clinical  coarse  and  pathology  of  this  group 
and  to  discuss  more  accurately  its  relationship  with  allied  conditions. 

Case  1. — ^Early  D.,  black,  male,  age  23.  Fktmlly  history  and  past  history 
negative.  Present  Illness:  Onset  four  months  before  admission  with  lumps 
on  sides  of  neck  increasing  in  size.  One  month  ago  the  patient  noticed 
lumps  in  inguinal  region.  About  two  weeks  before  admlssicm,  anorexia  and 
weakness  became  marked.  Physical  examination,  January  4,  1902,  showed 
fuU  abdomen  in  which  the  spleen  was  palpable  about  6  cm.  below  the  costal 
margin.  Liver  extended  3  cm.  below  the  costal  margin.  The  glands  of  the 
neck  were  aU  enlarged,  firm  and  discrete.  Submental  glands  were  enlarged, 
axillary,  epitrochlear,  and  inguinal  glands  were  greatly  enlarged;  tonsils 
were  swollen.  R.  B.  C.  6,230,000.  Hb.  86  per  cent  W.  B.  C.  33,000.  Dif- 
ferential  P.  M.  N.  21.8  per  cent,  S.  and  L.  mono.  76  per  cent,  eosinophiles 
.8  per  cent,  transitionals  .6  per  cent  Course  in  hospital:  On  January  18 
a  lymph  gland  removed  for  diagnosis  showed  a  stroma  filled  with  round 
vesicular  nucleated  cells,  some  showing  mitotic  division.  These  cells  are 
larger  than  lymphocytes.  Lymphatic  leukaemia  and  a  general  sarcoma  of 
the  lymph  glands  were  considered.  On  January  26  patient  vomited  con- 
siderably, the  lymph  glands  appeared  slightly  larger,  fever  disappeared, 
and  the  blood  conditi<m  remained  about  the  same.  February  6-10,  oedema  of 
thighs  had  developed,  extending  over  face  and  trunk;  the  abdmnen  was 
mu<dL  distended.  March  12,  two  litres  of  fluid  were  aiqpirated  from  the 
abdomen.  Specific  gravity  1.019;  alkaline;  albumin  30  gUL  per  litre.  The 
cells  were  mostly  mononuclears.  March  14,  patient's  abdomen  was  tapped 
again  and  1  litre  of  a  similar  fluid  was  removed.  April  11,  general  anasarca 
developed,  dyspnoea  and  weakness  continued,  and  the  patient  died  at  1  p.  m. 
April  16. 


BLOOD  CHART  WmLE  IN  THE  HOSPITAL 

Dmtt. 

B.B.O. 

Hb. 

w.ao. 

P.  M.  H. 

8.M. 

B. 

T. 

1-4-02 

1-13-02 

2-2-02 

2-12-02 

3-21-02 

4-11-02 

5,220,000 
6,600,000 
6,224,000 
4,224,000 
4,106,000 
4,688,000 

85% 

64% 
64% 
66% 

83,000 
23,000 
2,760 
2,375 
3,640 
4,000 

21.8% 

65:9% 
76.7% 

76% 

1?$ 

.8% 

6.6% 

2.4% 
.6% 

2.8% 

6.  % 

Autopsy  1903.  Anatomiixa  Dioffnosis, — ^Leukosarcoma;  enlargem^it  of 
the  cervical,  bronchial,  mediastinal,  retroperitoneal,  pelvic  and  inguinal 
lymph  glands;  enlargement  of  lymph  follicles  of  small  and  large  intestines; 
hypertrtHi^hy  of  q»leen;  oedema  of  lungs;  general  anasarca. 

Body. — Is  that  of  a  w^  nourished  colored  man  180  cm.  long.  Anasarca 
is  marked.  Submaxillary,  cervical,  axillary,  and  inguinal  glands  are  en- 
larged. The  peritoneal  cavity  contains  a  large  amount  of  bloodstained 
fluid.    The  mesenteric  lymph  glands  are  enormous,  some  reaching  the  size 
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of  apples.  They  are  soft  and  on  section  show  a  homogeneous  red  surface. 
The  pelTic,  inguinal,  iliac  and  retroperit<meal  glands  form  a  continuous 
mass  of  small  and  large  nodules.  The  right  pleural  cavity  contains  a  large 
amount  of  blood-tinged  fluid.  Heart:  Normal.  Lung$:  Old  adhesions. 
The  glands  at  the  hilum  are  much  enlarged  and  matted  together.  Spleen: 
1320  grams.  On  section  the  cut  surface  is  of  a  grasrish-red  color  mottled 
with  deep  hemorrhagic  points,  which  are  surrounded  by  white  foci.  Liver: 
Is  also  large,  weighing  2700  grams.  Lobules  are  easily  seen.  No  nodules 
are  Yisible.  Kidney$:  Are  large,  weighing  500  grams  each.  No  nodules. 
Adrenals  and  pancreas:  Normal.  €kutr<hintestinal  tract:  Appears  normal 
except  for  numerous  pigmented  spots  surrounded  by  white  rings  which 
appear  in  the  large  intestine;  these  are  evidently  solitary  lymph  follicles. 
Olands:  A  large  mass  measuring  about  10x4  cm.  is  found  directly  be- 
neath the  under  part  of  the  sternum,  distending  the  upper  part  ot  the  peri- 
cardial sac  On  section  this  mass  appears  oedematous  and  of  a  unifcmn 
soft  consistency.  The  position  of  this  mass  suggests  a  large  persistent 
thymus.  The  substernal  glands  are  much  enlarged  and  ot  similar  ap- 
pearance on  section.  Tonsils:  Are  enlarged  and  deeply  pigmented;  they 
form  projections  as  large  as  walnuts  on  either  side  of  the  epiglottis.  Bone 
marrow:  Is  of  a  deep  red  color  and  of  a  Jelly-like  consistency.  The  re- 
mainder of  the  autopsy  is  normal. 

Microscopic  Pathology, — Tumor:  Sections  show  a  hmnogeneous,  cellular 
tumor  of  the  lymphoid  type.  The  cells  are  arranged  in  columns  and  chains 
supported  by  a  delicate,  though  obvious,  stroma.  They  are  regular  in  size 
(4-6Ai)  and  quite  regular  in  shape.  Cytoplasm  is  scant;  nuclei  are  deeply 
staining  and  show  a  few  coarse  chromatin  granules.  No  mitotic  figures  are 
seen.  Posterior  auricular  gland:  Shows  on  section  a  thickened,  intact 
capsule  surrounding  a  homogeneous  mass  of  lymphoid  cells  which  obliter- 
ate entirely  the  normal  architecture.  No  germinal  centers  are  seen; 
sinuses,  very  indistinct,  are  filled  with  lymphocytes.  These  cells  appear 
quite  as  those  described  above,  small,  regular,  not  especially  precocious  in 
growth  or  activity.  Spleen:  Shows  intact  capsule  and  trabecute.  Mal- 
pighian  bodies  are  obscured  by  the  general  infiltration  of  lymphoid  cells 
similar  to  those  seen  in  the  tumor.  Liver:  No  material.  Kidneys:  Secti(ms 
unsatisfactory.  Intestines:  Lymphoid  cells  are  scattered  diffusely  through- 
out the  mucosa  and  submucosa.  Bone  murrow:  The  cells  are  reduced  in 
number  and  are  accompanied  by  a  diffuse  infiltration  of  lymphoid  cells. 

Briefly,  a  colored  man,  aged  23  years,  came  to  the  hospital  with 
a  four  months'  history  of  rapidly  growing  tumor  masses  in  the  cervical 
region,  anorexia,  and  dyspnoea.  Physical  examination,  January  4, 
1902,  disclosed  a  general  glandular  enlargement,  ascites,  large  spleen 
and  liver.  R  B.  C.  5,230,000,  Hgl.  85  per  cent,  W.  B.  C.  33,000. 
Large  and  small  mononuclears  76  per  cent.  An  excised  lymph  gland 
was  diagnosed  lymphatic  leuksemia  or  possiUe  ^^  general  sarcoma  of 
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lymph  glands."  The  patient  ran  an  acute  course  developing  general- 
ized oedema^  recurrent  ascites,  and  died  three  and  a  half  months  after 
admission.  During  this  period,  a  secondary  anaemia  developed. 
W.  B.  C.  dropped  from  33,000  to  2,375 ;  P.  M.  N.  rose  from  21.8  per 
cent  to  74  per  cent,  while  the  large  and  small  mononuclears  dropped 
from  76  per  cent  to  21  per  cent.  Autopsy  revealed  a  general  glandular 
enlargement,  an  infiltration  of  parenchymatous  organs  and  bone  mar- 
row, and  a  large  invasive  tumor  of  the  mediastinum.  Everywhere 
the  cells  were  of  the  lymphoid  type,  regular  and  similar  in  size  (4-6  ft.) 
and  shape  and  general  morphology. 

So  one  might  regard  this  case,  with  a  total  duration  of  seven  and 
one-half  months,  as  lymphatic  leukaemia  associated  with  an  invasive 
tumor;  that  is,  a  " leukosarcoma." 

Case  2. — ^No  name,  white,  male,  age  7.  The  history  is  incomplete,  but 
the  onset  evidently  began  four  months  before  admission  with  dyspnoea 
and  oppressive  chest  symptoms.  At  the  time  of  examination,  general 
glandular  enlargement  was  made  oat  and  a  large  spleen  palpated.  The 
leucocytes  numbered  280,500,  with  a  predominance  of  small  lymphocytes. 
The  child  became  weaker  and  died  three  months  after  examinati<m 

Autopsy  2111.  AnatomAcal  DiagnoMis. — ^Leukosarcoma  filling  the  chest, 
invading  pectoral  muscles,  parietal  pericardium  and  parietal  pleura; 
extension  along  hilum  of  lungs;  enlargement  of  all  lymph  glands  of  body; 
large  spleen;  red  IXHie  marrow;  emaciation. 

Body:  Is  that  of  an  emaciated  boy.  The  cervical,  axillary,  inguinal  and 
mesenteric  glands  are  large  and  firm.  Inmtrating  the  pectoral  muscles 
is  a  soft  grayish  tissue  which  seems  to  come  from  the  chest  cavities  after 
penetrating  the  pleura.  A  tumor  measuring  18  cm.  x  16  cm.  x  9.6  cm.  occu- 
pies the  mediastinum  beginning  at  the  clavicles  above,  filling  the  left 
pleural  cavity,  and  extending  as  far  as  the  costal  angle.  It  is  adherent  to 
the  sternum  and  diaphragm  and  to  all  the  structures  that  rest  upon  the 
bodies  of  the  vertebrae.  Sheets  of  tumor  extend  from  the  hilum  of  the  lung 
out  over  the  posterior  half  of  the  parietal  pleura.  Its  consistency  is  soft 
and  on  section  presents  a  raised,  moist,  uneven  appearance  with  areas 
Qf  hemorrhage  and  degeneration.  The  heart  is  completely  enclosed  in  the 
tumor  mass  which  is  in  intimate  and  inseparable  relation  with  the  peri- 
cardiuuL  Heart:  Normal.  Lung$:  Partly  atelectatic.  Bpleen:  Weighs 
400  grams.  On  section  it  appears  soft  and  of  a  deep  reddish  brown  color. 
The  Malpighian  bodies  are  inconspicuous.  Liver:  Large.  No  nodules 
found.  Kidney $:  Each  organ  shows  a  solitary  wedge-shaped  nodule  pro- 
jecting from  the  surftioe.  Pelvic  organs,  gastro4ntestin<a  tract,  pancreas, 
adrenals:  Seem  clear.  Retroperitoneal  glands:  Bspecially  at  the  hilum  of 
the  liver,  are  very  large.  On  section  they  appear  soft  The  glands  along 
the  region  of  the  pelvis  and  the  inguinal  glands  present  the  same  appear- 
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ance.    Bone  marrow:  Soft  and  Jelly-like,  hcmiogeneous  and  bright  red  in 
appearance. 

Microsooi^  Pathology. — Tumor  ma8$:  Sections  show  a  cellnlar  tumor 
of  the  lymphoid  type.  Stroma  is  composed  of  a  delicate  network  of  retic- 
ulum cells.  Blood  Tessels  are  not  conspicuous.  Tumor  cells  grow  thickly 
and  uniformly,  forming  the  entire  structure.  In  sise,  they  are  quite  regu- 
lar, averaging  4-6^m  in  diameter.  Usually,  no  cytoplasm  is  visihle.  Nuclei 
are  quite  uniform.  Most  of  them  are  circular,  de^  staining  with  seyeral 
coarse  chromatin  granules.  Gland:  Appears  as  solid  tumor  mass.  Lymph- 
old  cells  invade  the  pericapsular  fat  All  architecture  completely  changed 
by  the  homogeneous  mass  of  lymphoid  cells  which  nuuiks  completely  all 
evidence  of  sinuses  and  germinal  centers.  The  c^ls  resemble  precisely 
those  described  above.  Blood  vessels  contain  these  cells.  Trabecule  are 
not  conspicuous.  Liver  and  spleen:  Show  lymphoid  infiltration  with  few 
wandering  cells.  Bone  marrow:  The  marrow  cells  are  reduced  in  quantity. 
Lymphoid  cells  are  numerous  and  the  large  cells  mentioned  above  are  seen. 
R.  B.  O.  are  present  in  usual  amount 

The  history  in  this  case  is  meagre.  A  white  boy,  7  years  old,  was 
seen  in  consultation  after  a  four  months'  history  of  dyspnoea  and 
oppressive  chest  symptoms.  Examination  disclosed  a  general  glandu- 
lar enlargement  with  enlarged  spleen.  W.  B.  G.  numbered  230,500 
"with  a  predominance  of  small  lymphocytes.*'  Seven  months  after 
onset  the  child  died.  Autopsy  revealed  a  general  glandular  enlarge- 
ment, an  infiltration  of  parenchymatous  organs  and  bone  marrow,  and 
a  large,  invasive  tumor  of  the  mediastinum  filling  the  chest,  invading 
the  parietal  pericardium,  pleura,  lungs  and  pectoral  muscles.  Every- 
where the  cells  were  of  the  lymphoid  type,  regular  and  similar  in  size  * 
(4-6  ft),  shape  and  general  morphology. 

One  might  regard  this  case,  too,  with  a  total  duration  of  seven 
months,  as  lymphatic  leukaemia  associated  with  an  invasive  tumor; 
that  is,  a  ^^  leukosarcoma.''  « 

Case  3.— Albert  M.,  white,  male,  age  28.  Family  history  and  past  history 
unimportant  except  that  for  two  years  be  had  noticed  a  heavy  feeling  over 
the  chest  Present  illness  began  five  months  before  admissi<m  with  progres- 
sive enlargement  of  neck,  dyspnoea,  cough,  dyq»hagia  and  orthopncea.  Bk« 
amination  December  8,  1918,  showed  cough,  dilated  veins  over  the  uin^r 
chest  and  face,  palpable  hard  lymph  glands  in  lower  neck,  right  and  left 
Bides,  axilla  and  epistemal  notch.   There  was  retromanubrial  dulness  and  a 

tracheal  tug.   Liver  and  spleen  were  palpable.    The  Wassermann  was  nega*  l|i 

tive;  the  urine  was  negative;  X-ray  reported  a  large  mass  in  the  medi-  i 

astinum  which  suggested  either  Hodgkin's  or  lymphosarcoma. 

Course  in  hospital.  December  19  (two  weeks  after  admission)  his 
dyspnoea,  dysphagia  and  cough  became  worse.    Insomnia  developed,  the 
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venous  dilatation  and  saffasion  became  more  marked  on  the  riglit  side  than 
on  the  left  Anisocoria  developed,  more  marked  on  the  right  side.  The 
right  radial  pulse  became  more  marked  than  the  left  radial.  December 
19-28,  applicati<xi  of  Coolidge  tube  over  the  chest  one-half  hour  daily  re- 
sulted in  subjective  improvement  with  reduction  of  dyspnoea  and  cough. 
However,  with  this,  ecchymoees  and  petechias  developed  abundantly  and 
rapidly.  Epistazes  were  frequent  Twitching  pains  in  the  "*  ham  string  " 
muscles  became  marked,  with  irregular  fever.  The  X-ray  treatment  was 
discontinued.  December  28 — ^January  7,  hsemorrhagic  tendency  increased. 
The  tonsils,  gums  and  mucous  membranes  of  the  nose  have  bled 
almost  ccmtinuously.  Petechia  are  seen  over  the  entire  body.  200  c.  c 
of  bloody  fluid  were  aspirated  from  the  left  pleural  cavity.  (R.  B.  C. 
1,600,000.)  All  the  lymph  glands  have  enlarged  markedly,  are  soft  and 
tender,  and  fever  has  become  continuous.  January  7-18,  respirations  have 
become  accelerated,  the  pulse  weak  and  thready.  Irregular  rises  in  tem- 
perature have  occurred,  and  hemorrhage  has  been  marked.  During  this 
period  four  transfusions  were  administered  totalling  1650  c  c.  After  the 
third  transfusion  600  c  c.  of  blood  were  removed  from  the  left  chest  Janu- 
ary 18,  death. 

Autopsy  5798.  Anatomical  Diagnosis. — ^Leukoearcoma  of  mediastinal 
lymph  glands  extending  into  pwicardium,  dii^hragm  and  left  parietal 
pleura;  lymphocytic  infiltrations  of  spleen,  pancreas,  liver,  kidneys  and 
bone  marrow;  general  glandular  enlargement;  left  hemothorax  with  col- 
lapse of  left  lung. 

Body:  Is  that  of  a  medium-sized  young  man  160  cm.  long,  weighing  49 
kilos.  Rigor  and  livor  mortis  are  marked.  Tonsils  are  enlarged,  submaxil- 
lary and  all  the  cervical  chains,  axillary  and  inguinal  lymph  ^ands  are  pal- 
pable and  soft.  Petechise  are  numerous  over  the  flexor  surfaces  of  the  arms, 
chest  and  abdomen.  An  extensive  bluish  discolorati<xi  is  noted  under  the 
skin  over  the  lower  left  side  of  the  thorax.  On  opening  the  peritoneal 
cavity  the  liver  edge  extends  10  cm.  below  the  xiphoid  in  the  mid-sternal 
line.  The  spleen  is  9  cm.  below  the  costal  margin.  On  opening  the  chest 
cavity  a  soft  tumor  mass  is  cut  away  from  its  attachments  to  the  sternum. 
The  left  pleural  cavity  contains  about  1%  litres  of  fluid  blood  and  the  left 
lung  is  completely  collapsed.  A  soft  mass  of  enlarged  confluent  mediastinal 
glands  is  forming  a  tumor  which  surrounds  the  blood  vessels  and  bronchi 
and  trachea  and  extends  over  the  pericardium,  forming  a  thick  encasement 
for  the  heart.  It  extends  over  the  diaphragm  and  left  parietal  pleura  as  a 
soft  velvety  membrane  about  1  cm.  in  thickness.  The  cut  surface  of  the 
lymph  glands  shows  a  homogeneous  white  cellular  growth  ignoring  the 
capsule  and  obliterating  all  normal  morphology.  Hsemorrhagic  areas  are 
seen.  These  glands,  particularly  at  the  bifurcation  of  the  trachea,  are 
pressing  flrmly  against  the  air  passages  and  large  blood  vessels.  Elsewhere 
in  the  chest  the  tumor  shows  the  same  soft,  white,  cellular  masses  grow- 
ing freely  over  the  serous  surfaces.  Heart:  Normal.  Lungs:  The  left 
lung  is  collapsed;  the  right  lung  is  normal.    Spleen:  Weighs  590  grams. 
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It  is  large  and  pale,  rather  firm  in  consistency.  On  section  light  bluish  in- 
filtrations stand  oat  against  the  deeper  colored  background.  The  Mal- 
pighian  bodies  cannot  be  seen.  Pancreas:  Is  encroached  upon  by  large 
retroperitoneal  glands.  On  section  fatty  infiltration,  tumor  growth  and 
opaque  white  nodules  are  seen  throughout  the  tissue.  Liver:  Weighs 
2440  grams.  It  is  large  and  pale.  On  secticm  the  cut  surface  shows  normal 
liver  lobules  with  lighter  areas  in  which  no  lobulation  is  evident  Adrenals: 
Normal.  Kidneys:  Are  large  and  pale.  On  section  numerous  homogeneous, 
opaque  white  nodules  stand  out  as  elevaticms  <m  the  kidney  surftioe, 
throughout  the  cortex  and  pyramids.  Strie  and  glomeruli  are  widely 
separated.  Pelvic  organs:  Normal.  Retroperitoneal  glands,  lumbar 
glands  and  axillary  glands:  Are  all  very  much  enlarged,  soft,  and  on  sec- 
tion present  an  appearance  identical  to  that  seen  in  the  bronchial  glands. 
Neck  organs:  Tonsils  and  all  cervical  glands  greatly  enlarged.  Intestines: 
Show  hypertrophy  of  all  lymphatic  tissue. 

Microscopical  Notes. — Tumor:  Is  composed  of  a  solid  mass  of  lymphoid 
cells  supported  by  a  delicate  stroma.  The  cells  are  uniformly  distributed; 
regular  in  size  (6-7Ai)  and  shape.  The  nuclei  are  somewhat  vesicular.  Many 
mitoses  are  noted.  Blood  vessels  are  quite  numerous.  Gland:  Appears 
as  a  homogeneous  mass  of  lymphoid  cells.  The  capsule  and  surrounding 
fat  are  invaded.  The  normal  architecture  is  obscured,  sinuses  and  germinal 
centers  usually  cannot  be  determined.  A  few  dist<M*ted  sinuses  near  the 
capsule  are  crowded  with  lymphoid  cells.  These  cells  which  se^n  to  form 
the  entire  gland  are  regular  in  size  (5^m)  and  shape.  Cytoplasm  is  scant 
Nuclei  are  rather  vesicular  and  contain  many  coarse  chromatin  granules. 
Many  mitotic  figures  are  present  Spleen:  The  capsule  and  trabecule  are 
normal.  The  homogeneous  infiltration  of  lymphoid  cells  throughout  the 
pulp  obscures  the  Malpighlan  bodies.  No  normal  lymphocytes  are  present 
Liver:  Shows  portal  accumulations  of  lymphoid  cells  similar  to  those  de- 
scribed above.  They  are  sifting  into  the  lobules  between  the  hepatic  cells. 
Kidneys:  Bach  glomerulus  and  tubule  is  separated  by  lymphoid  cells 
which  sometimes  occur  as  solid  masses.  They  surround  the  larger  blood 
vessels  and  infiltrate  down  into  the  pyramids.  Bone  marrow:  Is  packed 
with  lymphoid  cells  almost  to  the  exclusion  of  the  other  elements. 

Briefly,  a  white  man,  aged  28  years,  came  to  the  hospital  with  a 
fours  months*  history  of  dyspnoea,  cough,  dysphagia,  and  with  rapidly 
growing  cervical  tumors.  Examination,  December  3,  1918,  disclosed 
glands  in  the  chest,  axillae,  and  neck,  enlarged  spleen  and  liver.  At 
this  time,  B.  B.  C.  numbered  4,272,000,  Hgl.  80  per  cent,  W.  B.  C. 
3,960  and  S.  M.  25  per  cent.  An  excised  gland  from  the  neck  was 
diagnosed  lymphosarcoma.  X-rays  were  applied  daily  from  December 
19-28.  On  December  31,  the  W.  B.  C.  had  increased  to  31,000.  A 
haemorrhagic  tendency  developed  acutely.  The  W.  B.  C.  rose  to  46,000 
and  dropped  again  to  11,400  just  before  death.    S.  M.  rose  to  68  per 
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cent  dropping  to  36  per  cent.  General  glandular  enlargement  devel- 
oped with  remarkable  rapidity.  Hemorrhages  continued  and  the 
patient  died  January  18,  1919.  Autopsy  revealed  a  general  glandular 
enlargement,  an  infiltration  of  all  parenchymatous  organs  and  bone 
marrow,  and  a  large,  invasive  tumor  of  the  mediastinum.  The  invad- 
ing cells  were  of  the  lymphoid  type,  regular  and  similar  in  size 
(4-6fi),  shape,  and  general  morphology. 

The  clinical  course  seems  to  be  divisible  into  three  main  symptom 
groups:  first,  the  period  of  mediastinal  pressure  symptoms  (lympho- 
sarcoma) ;  second,  leukaemic  symptoms  (acute  lymphoid  leukaemia) ; 
third,  secondary  anaemia  symptoms  resulting  from  hemorrhage.  The 
autopsy  finding  of  an  invasive  mediastinal  tumor  would  tend  to  place 
this  case  in  the  "  leukosarcoma  "  group. 

Case  4. — ^Audrey  D.,  white,  female,  age  12.  Family  and  past  history  are 
negative.  Onset,  June,  1919,  with  swelling  of  right  parotid  which  disap- 
peared in  one  week  (mumps?).  Two  months  later  a  dry,  unproductive 
cough  was  noticed  which  persisted.  Byelids  became  pulfy;  glands  ol 
neck  began  to  swell  about  one  month  ago;  weakness  and  pallor  developed 
rapidly.  Examination,  December  14,  1919,  in  the  Harriet  Lane  Hospital, 
showed  an  emaciated,  anaemic  <dLild,  weak  and  coughing.  General  glandular 
enlargement,  retromanubrial  dulness,  large  spleen  and  liver  noted.  Pirquet 
and  Wassermann  were  negative.  Temperature  100".  X-ray  showed  medi- 
astinal mass.  Patient  continued  a  downward  course  in  the  hospital  and 
died  Decanber  20, 1919,  six  hours  after  her  first  radium  treatment. 
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Autopsy  6096.  Anatomical  DiagnoiU:  Leukosarcoma  involving  medi- 
astinum, thymus  and  lymph  nodes,  parietal  pleura,  pericardium  and  epi- 
cardium  with  resulting  compression  of  esophagus,  trachea,  bronchi  and 
mediastinal  vessels.  Leuksemic  infiltration  of  liver,  spleen,  ovaries,  kid- 
neys, bone  marrow,  stomach  and  lymph  nodes. 

Bod^:  Is  that  of  a  young  girl  weighing  16  kg.  Pallor  of  skin  and  mucous 
membranes  is  marked.  Tonsils  are  not  enlarged.  There  is  a  marked  general 
glandular  enlargement  including  cervlcals,  aziUaries,  sublinguala,  ingulnals 
and  epitrochlears.  On  opening  the  peritoneal  cavity,  the  liver  appears 
greatly  enlarged.  The  mesenteric  and  retroperitoneal  glands  are  promi- 
nent   The  mediastinum  is  filled  by  a  tumor  mass  occupying  the  entire 
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anterior  portion  of  the  thoracic  cavity.  Pleural  and  pericardial  surfaces 
show  great  thickening,  especially  the  parietal  pleura  on  the  posterior  wall. 
Here  and  over  the  diaphragm  and  pericardial  sac  it  is  dense  and  white, 
several  times  its  normal  thickness.  The  position  of  the  thymus  is  taken 
up  by  a  large  white  mass  adherent  to  all  adjacent  structures.  It  shows  no 
well  defined  limit.  Included  in  this  tumor  are  many  enormous  white  lymph 
glands  varying  from  1  cm.  to  3  cul  in  diameter.  Heart:  Shows  definite 
white  infiltration  at  the  apex  beneath  the  epicardium,  measuring  8-4  cm. 
in  thickness.  Otherwise,  endocardium,  valves  and  myocardium  are  quite 
normal.  Lungs:  At  the  hilum  the  lymph  glands  are  enlarged  and  compress 
the  neighboring  thickened  pleura.  Lymphatics  everywhere  stand  out 
prominently.  Spleen:  Weighs  160  grams.  The  pulp  is  soft  and  smooth. 
The  Malpighian  bodies  are  not  conspicuous.  Mesenteric  glands:  Along 
with  the  rest  of  the  glandular  system,  are  correspondingly  enlarged,  espe- 
cially along  the  greater  curvature  of  the  stomach  and  near  the  cceliac  axis. 
They  are  discrete.  On  section  they  show  white,  soft,  glandular  tissue, 
occasionally  fiecked  with  small  hemorrhages.  Stomach:  Shows  diffuse  sub- 
mucous infiltration  producing  a  greatly  thickened  walL  Liver:  Weighs 
910  grams.  Surfoce  is  pale  and  grayish  brown.  On  section  a  diffuse  infil- 
tration of  whitish  areas  are  noted  associated  in  and  about  the  portal  spaces. 
Kidneys:  Are  large  (160  grama),  pale,  and  firm.  Scattered  pinpoint 
hemorrhages  are  noted  on  the  surfaca  The  cortex  averages  2  cm.  in  width 
and  shows  many  small  scattered  hemorrhages.  Pelvic  organs:  Are  ai^ar- 
ently  not  involved.  Lymph  glands:  The  inguinal  glands  are  especially 
large  and  prmninent.  All  others  are  moderately  hyperplastic.  Neck 
organs:  Tonsils  are  not  enlarged.  The  es<^hagus  and  trachea  are  com- 
pressed by  the  mediastinal  mass.  Intestines:  Show  no  striking  changes. 
Bone  marrow:  Dark  red. 

Microscopic  Pathology. — Tumxtr:  Appears  as  a  hcmiogeneous  collection 
of  lymphoid  cells  supported  by  a  delicate  reticulum.  These  c^ls,  6-8m  in 
diameter,  are  regular  in  size  and  shi^^e,  progressing  from  normal  lympho- 
cytes to  pale  vesicular  mononuclears.  Cytoplasm  is  scant  Nucleus  con- 
tains coarse  chromatin  granules.  Many  mitoses  are  seen.  Heart:  The 
layer  of  endothelial  cells  surrounding  the  myocardium  has  been  consider- 
ably displaced  by  great  collections  of  lymphocytes.  Large  lymph  vessels 
and  small  blood  vessels  are  conspicuous.  Superficial  invasion  of  the  lym- 
phocsrtes  between  the  muscle  fibres  occurs.  Plenra  and  diaphragm:  Show 
extensive  lymphocytic  infiltration.  Lwngs:  Many  of  the  alveoli  are  sur- 
rounded by  collections  of  lymphoid  cells.  Spleen:  The  Malpighian  bodies 
are  not  noticeably  hypertrophied.  They  contain  a  few  large  cells  in  the 
center  besides  a  peripheral  accumulation  of  normal,  small  lymphocytes. 
The  larger  infiltrating  lymphoid  cells  are  scattered  diffusely  throughout 
the  pulp.  Liver:  Shows  an  extensive  periportal  infiltration  of  lymphoid 
cells.  Usually  they  are  confined  to  the  loose  connective  tissue  forming 
Qlisson's  capsule,  but  occasionally  they  extend  between  the  hepatic  cells 
into  the  lobule.  Kidney:  Bach  glomerulus  and  tubule  is  surrounded  by  a 
mass  of  lymphoid  cells,  more  numerous  in  the  cortex,  somewhat  scattered 
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and  less  frequent  toward  the  pyramids.  Ovary:  The  stroma  in  many 
areas  is  more  or  less  replaced  by  collections  of  lymphocytes.  Btinnadh: 
Shows  lymphoid  infiltration  in  the  deeper  layer  of  the  mucosa.  Gland: 
Appears  as  a  homogeneous  mass  of  lymphoid  c^ls  similar  to  those  de- 
scribed above.  All  normal  architecture  is  obliterated.  TonHl:  Germinal 
centers  are  hyperplastic  and  seem  composed  of  the  larger  lymphoid  c^ls 
whi<dL  are  also  filling  homogeneously  the  entire  substance  of  the  tonsil. 
Bane  marrow:  An  eztensiye  lymi^ocytic  infiltration  obscures  the  normal 
bone-marrow  cells.  Megaloblasts  are  scattered  about  and  occasionally  small 
collections  of  myelocsrtes  are  seen. 

Briefly^  a  girl  12  years  of  age  came  to  the  hospital  with  a  six  months^ 
history  of  cough,  glandular  swelling,  and  progressiye  weakness.  Physi- 
cal examination,  December  14,  1919,  showed  a  general  glandular 
enlargement,  large  spleen  and  liver  with  mass  in  mediastinunL  Blood 
examination  at  this  time  showed  a  total  number  of  W.  B.  C.  33,600 
with  lymphocytes  66  per  cent  and  smudges  21  per  cent.  At  the  day 
of  her  death  the  W.  B.  C.  had  risen  to  81,000,  lymphocytes  to  53  per 
cent,  and  smudges  to  37  per  cent.  Autopsy  revealed  a  general  glandu- 
lar enlai^ement,  general  infiltration  of  the  parenchymatous  organs 
and  bone  marrow,  and  a  large  invasive  tumor  of  the  mediastinum. 
Everywhere  the  cells  were  of  the  lymphoid  type,  ranging  in  size  from 
the  small  lymphocyte  (5/*)  to  the  larger  (7fi)  pale  mononuclear. 
This  case  might  be  regarded,  with  its  duration  of  seven  months,  as 
lymphatic  leuksemia  associated  with  an  invasive  tumor;  ^Meukosar- 
coma.*' 

The  cases  taken  from  the  literature  have  been  summarized  as  follows : 

Cask  6.— -Tftylor  (1878)  reports  a  case  of  a  patient  12  years  of  age  who 
five  weeks  before  admission  developed  oedema.  Physical  examination 
showed  general  glandular  ^ilargement,  enlarged  spleen  and  liver.  Dura- 
tion ten  weeks.  Blood  examination :  definite  increase  in  number  of  W.  B.  C. 
Autopsy  showed  a  general  glandular  enlargement,  tumor  of  the  anterior 
mediastinum  involving  the  pleura,  infiltrations  of  liver,  siHeen  and  kidney. 

Cask  6.— Smith  (1874)  reports  a  case  of  a  patient  80  years  old  who  one 
month  before  admission  developed  an  enlarged  spleen  and  liver.  Physical 
examination  showed  skin  lesions  over  the  chest  Great  increase  in  number 
of  W.  B.  C.  Duration  six  months.  Autopsy  showed  a  general  glandular 
enlargement,  tumor  of  the  anterior  mediastinum  infiltrating  chest  muscles, 
infiltration  of  parenchymatous  organs. 

Cask  7. — Oowans  (1876)  reports  a  case  of  a  patient  26  years  (^d  who 
three  months  before  admission  developed  pleurisy,  dyspnoea,  and  swelling 
oi  the  glands.    Physical  examinati<m  showed  a  general  glandular  enlarge- 
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ment,  enlarged  liver  and  spleen.  Ck^at  Increase  in  number  of  W.  B.  C. 
Duration  flye  m<mths.  Autopsy  showed  a  general  glandular  enlargement, 
tumor  of  the  mediastinum  inTc^ying  pericardium,  heart;  blood  vessels,  and 
pleura,  infiltrations  of  liver,  spleen,  kidneys  and  bone  marrow. 

Cabs  8. — ^Morison  (1876)  reports  a  case  of  a  patient  seven  years  old 
with  a  history  ot  enlarged  cervical  glands,  dyspnoea,  and  hemorrhagic  dia- 
thesis.  Physical  examination  showed  enlarged  liver  and  a  temperature  of 
105®.  Autopsy  showed  enlargement  of  the  cervical  glands,  an  infiltrating 
mass  in  the  mediastinum,  involvement  of  the  parenchymatous  organs,  and 
definitely  leuksonic  blood. 

Case  9. — Turner  (1879)  reports  a  case  of  a  patient  16  years  old  who 
three  months  before  admission  developed  pains  in  arms  and  legs.  Physical 
examination  showed  a  general  glandular  enlargement,  increase  in  size 
of  liver  and  spleen,  a  hasmorrhagic  diathesis,  leukaemic  blood,  and  high 
temperature.  Duration  four  months.  Autopsy  showed  a  general  glandular 
enlargement,  an  infiltrating  mass  in  the  anterior  mediastinum  and  infil- 
tration of  the  parenchymatous  organs. 

Case  10. — ^Packard  (1891)  reports  a  case  of  a  patient  six  months  old  who 
four  months  before  admissi<m  developed  lumps  on  his  back,  head  and  feet 
W.  B.  C.  numbered  80,000.  Duration  five  months.  Autopsy  showed  a  mass 
in  the  mediastinum,  infiltration  of  the  parenchymatous  organs,  and  numer- 
ous skin  nodules. 

Cass  11. — Dreechfeld  (1891)  reports  a  case  of  a  patient  23  years  old  who 
three  months  before  admission  developed  thoracic  symptoms  of  oppression. 
Physical  examination  showed  a  blood  picture  of  lymphoid  leuknmia.  Dura- 
tion three  and  a  half  m<mths.  Autopsy  showed  a  general  glandular  enlarge- 
ment, a  tumor  mass  in  the  mediastinum  and  infiltration  of  the  parenchy- 
matous organs. 

Cask  12. — ^Palma  (1892)  reports  a  case  of  a  patient  18  years  old  who 
three  months  before  admission  developed  chest  symptoms.  Physical  exam- 
ination showed  general  glandular  enlargement  and  palpable  liver  and 
spleen.  At  this  time  the  blood  examination  was  practically  normal.  Two 
months  later,  however,  the  W.  B.  C.  had  risen  to  872,000,  and  lymph  glands, 
liver  and  spleen  had  enlarged  tremendously.  Duraticm  five  months. 
Autopsy  showed  general  glandular  enlargement,  tumor  mass  in  the  medi* 
astinum  and  an  infiltration  of  the  parenchymatous  organs. 

Casb  13.  Leader  (1906)  reports  a  case  of  a  patient  11  years  old  who 
two  mcmths  before  admission  became  emaciated  and  developed  enlarge* 
ment  of  the  cervical  glands.  Physical  examination  showed  a  general 
glandular  enlargement  and  palpable  liver.  The  blood  showed  a  picture  of 
lymphoid  leukemia.  Duration  four  months.  Autopsy  showed  a  general 
glandular  enlargement,  tumor  mass  in  the  anterior  mediastinum  and  infll« 
tration  of  the  parenchymatous  organs. 
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Cabb  14. — O'Kelly  (1914)  reiKHrts  a  case  of  a  pati^it  19  yean  old  who 
one  month  before  admission  developed  a  general  weakness  and  malaise. 
Physical  examination  showed  enlarged  inguinal  glands  and  q»leen,  a 
stomatitis,  fever,  and  leoluemic  blood.  Duration  one  and  a  half  mcmths. 
Autopsy  showed  general  glandular  enlargement,  tumor  mass  in  the  medias* 
tinum  and  infiltration  of  the  parenchymatous  organs  and  bone  marrow. 

Casb  15. — Sternberg  (1915)  reports  a  case  of  a  patient  24  years  old  who 
four  months  before  admission  developed  respiratory  difficulty.  Physical 
examination  showed  leukemic  blood.  Duration  five  months.  Aut(^;»8y 
showed  general  glandular  enlargement,  a  large  mass  in  the  mediastinum* 
and  an  infiltration  of  the  parenchymatous  organs. 

Casb  16. — Sternberg  (1915)  reports  a  case  of  a  patient  19  years  old  who 
three  weeks  before  admission  developed  respiratory  difficulty.  Examina* 
XXoa  of  the  blood  showed  leuknmia.  Autopsy  showed  a  tumor  of  the  medias- 
tinum,  general  glandular  enlargement,  infiltrations  of  the  parenchymatous 
organs  and  bone  marrow,  and  numerous  hemorrhages. 

Case  17. — Sternberg  (1915)  rep<»ls  a  case  of  a  patient  16  years  old  who 
three  weeks  before  admission  developed  respiratory  difficulty.  Physical 
examination  showed  a  tumor  over  the  sternum  and  leuksemic  blood.  Dura* 
tion  four  months.  Autopsy  showed  a  general  glandular  enlargement, 
tumor  of  the  anterior  mediastinum  and  infiltrations  <A  the  parenchymatous 
organs  and  bone  marrow. 

Case  18. — ^Major  (1918)  reports  a  case  of  a  patient  42  years  old  who 
one  month  before  admissiim  devel<H;»ed  headaches  and  malaise.  Physical 
examination  showed  enlarged  tonsils,  enlarged  q»leen,  and  leukftmic  blood. 
Duration  two  months.  Autopsy  showed  a  tumor  of  the  anterior  mediasti- 
num, general  glandular  enlargement,  and  infiltration  of  the  parenchyma- 
tous organs. 

Cask  19. — Weber  (1919)  r^^orts  a  case  of  a  patient  18  years  old  who 
one  month  before  admission  developed  pains  in  the  side.  Physical  exami- 
nation showed  a  general  glandular  enlarisement,  large  liver  and  spleen, 
fever,  and  leuksmic  blood.  X-ray  treatment  was  followed  by  severe  hemor- 
rhages and  death.  Duration  two  and  a  half  months.  Autopsy  showed  a 
tumor  of  the  anterior  mediastinum,  general  glandular  enlargement,  infil- 
tration of  the  parenchymatous  organs  and  bone  marrow.  "  C^eUs  .... 
were  probably  large  lymphocytes,  but  since  a  few  gave  a  positive  oxydase, 
I  now  think  them  to  have  been  myeloblasts." 

Casb  20.— Weber  (1919)  reports  a  case  of  a  patient  seven  years  c^d  who 
five  months  before  admission  developed  malaise,  pallor,  and  abdominal 
symptoms.  Physical  examination  showed  a  general  glandular  enlargemerit, 
enlargement  of  liver  and  spleen,  fever,  and  numerous  hemorrhages. 
W.  B.  C.  103,126;  P.  M.  N.  6.6%;  myelocytes  4%,  myeloblasts  94%.  No 
P.  M.  B.,  no  T.    "Amongst  the  transitional  forms  ....  probably  some 
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were  lymphocytes.  It  was  impossible  to  differentiate  lymphocytes  from 
the  cells  counted  as  myeloblasts.  Blood  films  not  satisfactory."  Duration 
five  and  a  half  months.  Autopsy  showed  a  tumor  of  the  mediastinum, 
general  glandular  enlargement,  and  infiltration  of  the  parenchymatous 
organs. 

Cabs  21. — ^Harrison  (1920)  reports  a  case  of  a  patient  29  years  old  who 
two  months  before  admission  developed  epigastric  symptoms.  Physical 
examination  showed  dulness  over  the  mediastinum.  Blood  was  leuksnnic. 
Duration  four  months.  Autopsy  showed  tumor  of  the  mediastinum,  general 
glandular  enlargement,  and  infiltration  of  the  parenchymatous  organs  and 
bone  marrow. 

Case  22. — ^Martin  (1901)  reports  a  case  of  a  patient  46  years  old  who  sey- 
eral  years  before  admission  developed  enlarged  cervical  and  inguinal  lymph 
glands  after  an  accident  Asthenia  and  anaemia  progressed.  Physical 
examination  showed  general  glandular  enlargement  and  large  spleen  and 
liver.  Blood  showed  an  increase  in  large  lymphocytes.  Death  several  years 
after  onset  Autopsy  showed  tumor  villi  and  papilln  on  peritoneal  and 
pleural  surfaces.  A  general  glandular  enlargement  and  infiltration  of  the 
parenchymatous  organs  was  also  present 

Cabb  23. — ^Warthin  (1904)  reports  a  case  of  a  patient  30  years  old  who 
one  month  before  admission  developed  abdominal  symptoms.  Physical 
examination  showed  an  abdominal  mass  and  leuksemic  blood.  Duration 
one  and  a  half  months.  Autopsy  showed  enlargem^it  of  all  the  deep  glands, 
tumor  of  the  ileum,  infiltration  of  parenchsnomtous  organs  and  bone  marrow. 

Cabs  24. — Sternberg  (1915)  reports  a  case  of  a  patient  11  years  old  who 
five  months  before  admittance  developed  respiratory  symptoms.  Physical 
examination  showed  leuksonic  blood,  hemorrhagic  tendency,  and  remittent 
fever.  Duration  eight  months.  Autopsy  showed  tumor-like  deposits  in 
the  dura,  general  glandular  enlargement  becoming  confiuent,  and  infiltra- 
tion of  parenchymatous  organs. 

Cabb  25. — Sternberg  (1915)  reports  a  case  of  a  patient  16  years  old  who 
seven  weeks  before  admission  developed  swelling  of  the  cervical  glands. 
Blood  examination  showed  an  increase  in  number  of  W.  B.  C.  Duration 
seven  weeks.  Autopsy  showed  general  glandular  enlargement  tending  to 
become  confiuent,  infiltration  of  parenchymatous  organs,  tumor  masses  in 
both  breasts. 

Case  26.— Sternberg  (1915)  reports  a  case  of  a  patient  ten  years  old  who 
three  months  before  admission  devel(^>ed  tumor  nodules  on  the  skull. 
Blood  examinaticA  showed  leukaemia.  Duration  five  months.  Autopsy 
showed  tumor  in  skull  over  parietal  bone,  infiltraticm  of  parenchymatous 
organs,  some  general  glandular  enlarg^nent  and  enlarged  tonsils. 
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From  these  26  cases  the  following  observations  are  worthy  of  notice. 
(1)  In  24  cases  (92  per  cent)  the  disease  occurred  in  young  indi- 
viduals between  the  ages  of  7  and  30  years.  (2)  Loss  of  weight,  malaise, 
chest  symptoms,  and  glandular  swelling  are  prominent  symptoms. 
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(3)  LeuksBmic  blood  (lymphoid),  large  liver  and  spleen,  general 
glandular  enlargement  with  a  tumor  mass  in  the  mediastinum  or  else- 
where may  be  looked  for  clinically.  (4)  The  disease  runs  an  acute 
course;  25  (96  per  cent)  of  the  26  patients  died  within  1  year  after  the 
onset.     (5)  At  autop^,  the  findings  are  characteristic  and  may  be 
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summaxized  as  follows;  (a)  general  glandular  enlargement  (85+ 
per  cent) ;  (b)  infiltration  of  parenchymatous  organs  (100  per  cent) 
and  bone  marrow;  (c)  an  invasive  mediastinal  tumor  spreading  more 
or  less  to  pleura,  diaphragm,  and  pericardium,  (84  per  cent)  21  cases; 
(d)  microscopically,  uniform  extensive  infiltration  of  lymphoid  cells, 
measuring  5-6/*  in  diameter,  with  little  cytoplasm,  and  nucleus  con- 
taining coarse  chromatin  granules.  Mitotic  figures  may  or  may  not 
be  conspicuous. 

Ltmphosabooma 

If  one  were  to  include  under  this  term  only  cases  coinciding  with 
Kundraf  s  definition  of  lymphosarcoma,  the  group  would  be  small 
indeed.  Therefore,  it  seems  wiser  to  consider  all  cases  of  lymphoid 
tumor  or  general  lymphoid  hjrperplasia  not  accompanied  by  leukaemia. 
From  this  point  of  view  11  cases  have  been  chosen  from  the  autopsy 
records  of  The  Johns  Hopkins  Hospital. 

ABDOMINAL  GROUP 

In  this  series  the  pathological  findings  are  quite  similar.  Pitt,  in 
1899,  briefly  describing  18  cases,  divides  them  according  to  origin; 
(1)  tumors  of  the  ileum  and  caecum  forming  in  the  mucosa  and  sub- 
mucosa,  (2)  tumors  starting  in  the  mesenteric  glands  forming  a  diffuse 
sheath  beneath  the  intestinal  serosa.  MacGallum  (1907)  has  described 
many  of  the  following  cases  and  regards  the  abdominal  group  as  dis- 
tinctive in  that  the  predominating  lymphoid  cell  is  larger  and  more 
vesicular  than  that  seen  in  the  chest  group. 

Case  27. — Margaret  G.,  white,  female,  age  24.  Family  and  past  history 
negative  except  for  typhoid  fever  at  14  and  occasional  attacks  of  leaoor^ 
rhoea.  Present  illness  began  one  year  ago  with  symptoms  of  indigestion. 
Vomiting  began  three  weeks  before  admission.  Loss  of  weight  and  sharp 
pains  in  the  epigastrium^  oedCTia  of  arms  and  legs,  constituted  the  most 
recent  symptoms.  Bzamination  in  the  hospital,  April  18,  1890,  showed  a 
hard  mass  in  the  lower  abdomen,  irregular  in  outline.  The  right  arm  wao 
extremely  oedematous  from  shoulder  to  wrist  Exploratory  laparotomy 
April  29  showed  numerous  intestinal  adhesions  and  a  mass  which  seemed 
to  be  related  to  the  intestine.  Temperature  varied  from  100*  to  102*. 
PaUent  died  May  8, 1890. 

Autopsy  92.  Anatomical  Dioimoti^.— Lymphosarcoma  of  mesenteric 
glands  and  intestine;  vcdvulus  of  Jelonnm  with  ulceration  into  cavity  of 
tumor;  general  anemia,  etc. 
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Bodyi  Medium  sized.  Extreme  emaciation  and  amemia.  Abdomen  dis- 
tended with  a  large  mass  easily  iMtlpable.  800  c.  c.  of  yellowish  fluid  are 
seen  in  the  peritoneal  cavity,  evidence  of  fibrinous  peritonitis  about  the 
spleen  and  in  the  pelvis.  In  the  midline  behind  the  greatly  distended  por- 
tion of  the  transverse  colon  appears  a  fluctuating  tumor  mass  into  which 
the  small  intestine  seems  to  enter.  Heart  and  lungi:  Normal.  Kidneys: 
Normal.  lAver  weighs  2500  grams,  is  large  and  pale.  TuriMr:  Trans- 
verse and  descending  c<^on  are  adherent  to  a  large  tumor  mass.  The 
upper  portion  of  the  Jejunum  becomes  greatly  dilated  as  it  passes  into  the 
tumor.  At  this  point  the  lumen  opens  into  a  large  cavity  in  the  interior 
of  the  tumor  which  contains  yellow  fluid  materiaL  The  intestine  at  this 
point  is  enormously  dilated,  its  walls  are  thickened  and  covered  with 
nodular  masses.  Farther  down  is  another  dilatation  of  the  intestine  which 
opens  into  a  similar  cavity.    The  remainder  of  the  gut  is  normal. 

Microscopic  Pathology, — ItUestinal  tumor:  Sections  show  a  mass  of  lym- 
phoid cells  infiltrating  diffusely  the  intestinal  coats  and  forming  solid 
aggregations.  There  is  great  regularity  in  the  arrangement,  size,  and  shape 
of  these  cells.  They  average  S/i  in  diameter,  are  usually  circular,  and  are 
composed  of  a  small  amount  of  cytoplasm  surrounding  a  deep-staining, 
rather  irregularly  shaped  nucleus.  Mitotic  figures  are  infrequent  StrcHua 
is  delicate;  blood  vessels  are  numerous. 

Briefly,  a  24-year  old  woman  comes  to  the  hospital  complaining  of 
abdominal  symptoms,  vomiting  and  loss  of  weight,  which  has  been 
noticed  for  one  year.  Physical  examination,  April  18,  1890,  showed 
an  abdominal  tumor.  The  patient  died  about  one  year  after  onset. 
At  autopsy  a  large  tumor  of  the  small  intestine  was  discovered  accom- 
panied by  an  enlargement  of  the  mesenteric  and  retroperitoneal  glands. 
The  liver  was  also  enlarged.  Microscopically,  the  tumor  cells  are 
large  and  regular,  lymphoid  in  type.  This  case  may  be  called  an 
intestinal  lymphosarcoma  spreading  to  mesenteric  and  retroperitoneal 
glands  with  probable  infiltration  of  the  liver. 

Case  28.--Peter  S.,  white,  male,  age  27.  Family  and  past  history  are 
negativa  Four  months  before  admission  the  patient  developed  an  attack 
of  diarrhoea,  vomiting  and  painful  micturition.  No  epigastric  pains.  Con- 
stipation for  five  days  before  admission.  Examination,  August  12«  1891, 
showed  anaemia,  emaciation,  subnormal  temperature,  and  a  retracted  abdo- 
men tender  on  pressure.  No  tumor  palpable.  Spleen  and  liver  not  pal- 
pable. The  patient  died  August  17,  after  a  week  of  continual  vomiting 
and  passage  of  dark  fiuid  stools. 

Autopsy  225.  Anatomical  Diagnosis, — ^Multiple  lymphosarcomata  of 
small  intestine,  with  secondary  nodule  in  liver  and  infiltration  of  kidneys; 
fatty  degeneration  of  heart  muscle  and  liver;  pneumonia;  general  anaemia 
'  and  cachexia. 
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Body:  Shows  extreme  emaciation  and  anaemia.  Heart:  Normal.  Lungs: 
Show  early  pneumonic  patches  in  right  lower  lobe.  Spleen:  100  grams. 
Normal.  Adrenals:  Normal.'  Kidneys:  255  grams  each.  They  are  mottled 
and  pale,  coarse  strin  alternating  with  pale  white  patches.  Other  wedge- 
shaped  yellow  areas  are  seen  in  the  cortex.  Liver:  Weighs  1580  grams. 
It  is  reddish-gray  in  color,  soft  in  consistency  and  shows  a  small  nodule 
in  the  right  lobe. 

Intestine:  The  large  intestine  is  normal.  The  appendix  measures  8  cm. 
in  length,  is  thickened  and  fibrosed  with  lumen  obliterated.  In  the  small 
intestine,  265  cm.  above  the  ileocsecal  valve,  is  a  constriction  formed  by  a 
new  growth  in  the  wall  corresponding  to  the  mesenteric  attachment  This 
growth  measures  2  emu  in  length.  It  is  firm  in  consistency  and  extends  ^.^ 
for  a  short  distance  into  the  mesentery.  27  cm.  higher  up  is  another 
smaller,  similar,  growth,  also  situated  at  the  mesenteric  attachment  It 
apparently  involves  the  mucous  and  submucous  coats.  Further  up  in  the 
intestine  are  two  other  growths  similar  to  the  ones  described.  Lymph 
glands:  Mesenteric,  retroperitoneal,  and  all  superficial  glands  as  far  as  they 
can  be  examined,  are  normal.  There  are  no  traces  of  any  metastases  from 
the  intestinal  tumors  except  the  one  in  the  liver.    Other  organs:  Normal. 

Microscopic  Pathology. — Tumor:  Sections  show  a  diffuse  infiltration  of 
large  lymphoid  cells  separating  muscle  and  connective  tissue  fibres,  as 
well  as  invading  the  deeper  portion  of  the  mucosa.  The  cells  are  irregular 
in  size  (6-10/i)  and  shape.  Nuclei  are  deeply  staining.  Very  little  cyto- 
plasm is  evident  The  walls  of  the  appendix  are  invaded  by  these  cells. 
Liver:  There  is  extensive  periportal  infiltration  of  lymphoid  cells  some- 
what more  irregular  but  otherwise  quite  similar  to  those  described  above. 
Kidneys:  Throughout  the  cortex  are  collections  of  lymphoid  cells  surround- 
ing glomeruli  and  tubules  and  often  forming  small  nodules.  They  are 
quite  irregular. 

Briefly,  a  white  man  aged  27  years  came  to  the  hospital  with  ab- 
dominal symptoms  of  four  months'  duration.  Physical  examination 
-August  12,  1891,  showed  a  tender  abdomen,  enlarged  liver  and  spleen, 
and  emaciation.  The  patient  died  one  week  after  admission;  duration 
four  and  one-half  months.  Autopsy  revealed  multiple  tumors  of  the 
small  intestine  with  infiltration  of  liver  and  kidneys.  The  eeUs  are 
large  (6-7/*),  regular,  lymphoid  in  type.  This  case  may,  therefore, 
be  grouped  with  intestinal  lymphosarcomata  accompanied  by  infiltra- 
tion of  liver  and  kidneys. 

Casb  29. — ^Ray  S.,  white,  male,  age  7.  Family  and  past  history  are 
negative.  Onset  of  present  illness  six  months  before  admission  with 
enlargement  of  cervical  lymph  glands.  About  one  week  later  the  patioit 
contracted  measles.  He  apparently  had  a  mild  attack  and  seemed  per- 
fectly well  afterwards.  During  this  time,  however,  the  glands  continued 
to  increase  in  size,  but  caused  no  pain.    About  two  weeks  before  admission 
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the  mother  noticed  nodules  in  the  child's  abdcmien.  One  week  before  ad- 
mission became  nauseated  and  vcmiited  considerably.  Since  then  he  has 
lost  about  16  pounds.  Physical  examination  January  18,  1905,  showed  an 
emaciated  child  with  enlarged  cervical  glands,  palpable  axillary  and  in- 
guinal glands,  and  numerous  projecting  inunovable  nodules  in  the  abdo- 
men. Liyer  and  spleen  are  not  Mt  Blood  examination  showed  slight 
secondary  anemia.  Tonsils  are  much  enlarged.  An  enlarged  lymph  node 
removed  from  the  right  groin  was  diagnosed  as  lymphosarcoma.  Janu- 
ary 23, 11K)6,  the  patient  was  discharged  and  five  months  later  died  at  home. 

Autopsy  2543.  Anatomical  DiaffnoiU. — ^L]rmphosarcoma  involving  the 
pancreas,  adrenals,  spleen,  lymph  glands,  stomach  and  intestine. 

Body:  Only  the  abd(»ninal  organs  were  sent  for  examination.  The  liver 
is  not  present  From  the  anterior  edge  of  the  stomach  along  the  lesser 
curvature  hang  large  rounded  masses  of  homogeneous  pearly  gray  tissue 
which  lie  at  the  root  of  the  mesentery.  Mesenteric  glands  are  separately 
enlarged  into  round  masses.  The  spleen  is  not  enlarged,  but  shows  numer- 
ous nodules  scattered  throughout  its  substance,  quite  unlike  the  Mal- 
pighian  bodies.  Kidneys:  The  ureter  of  the  right  kidney  at  a  short 
distance  from  the  pelvis  of  the  kidney  passes  Into  a  tumor  mass  and  seems 
to  have  lost  its  lumen.  Adrenals:  Both  are  invaded  by  the  tumor.  Aorta: 
Is  deeply  embedded  in  a  mass  of  enlarged  lymph  glands.  Mesenteric 
fflands:  Are  all  involved.  Pancreas:  Is  practically  replaced  by  the  tumor. 
Intestines:  Are  closely  bound  to  the  stomach  by  numerous  nodules  and 
dense  adhesions.  As  one  passes  up  the  large  intestine,  scattered  areas  of 
thickening  are  encountered.  These  involve  the  transverse  folds  which 
stand  out  rigidly.  In  the  cecum  nearly  all  of  the  folds  have  this  appear- 
ance. The  ileocecal  valve  is  thickened  into  a  stout  ring.  The  Peyer's 
patches  above  the  ileocecal  valve  are  enlarged  and  form  projecting  masses. 
On  passing  up  into  the  ileum,  numerous  rigid  and  thickened  patches  are 
encountered,  with  no  ulceration.  The  walls  of  the  duodenum  are  thick- 
ened so  that  its  folds  are  enormously  increased  in  bulk. 

MicroscofHc  Pathology —Intestinal  tumor:  Sections  show  large  lymphoid 
cells  forming  solid  nodules  and  infiltrating  diffusely  the  coats  of  the  intes- 
tine separating  the  muscle  and  connective  tissue  fibres  and  scattered  densely 
in  the  de^^er  part  of  the  mucosa.  These  cells  average  Sn  in  diameter,  show 
little  cytoplasm,  and  large  vesicular  nuclei  with  coarse  chromatin  particles. 
The  extreme  irregularity  in  the  nuclei  would  indicate  an  ameboid  activity 
during  life.  Mitotic  figures  are  frequent  Gland:  The  capsule  is  infiltrated, 
sinuses  and  germinal  centres  are  rendered  inconspicuous  by  the  dense  and 
homogeneous  invasion  of  the  lymphoid  cells  described  above.  Adrenal  and 
spleen:  Show  great  accumulations  of  these  cells.    Kidney:  Negative. 

Briefly,  a  white  child  seven  years  of  age  came  to  the  hospital  with  a 
six  months'  history  of  swollen  lymph  glands  and  nodules  in  the  abdo- 
men. Physical  examination  January  18,  1906,  showed  a  general 
glandular  enlargement,  large  tonsils,  abdominal  tumors  and  a  normal 
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W.  B.  C.  count.  The  child  died  about  one  year  after  onset  At  autopsy 
multiple  tumors  of  stomach  and  intestine  are  noted^  most  evident  in 
the  duodenum  and  small  intestine.  There  is  a  general  glandular  en- 
largement^ and  infiltration  of  the  pancreas^  spleen  and  adrenals.  Micro- 
scopically, the  cells  are  quite  similar  to  the  other  cases.  This  case, 
then,  may  be  considered  as  an  example  of  intestinal  lymphosarcoma, 
with  infiltration  of  the  parenchymatous  organs  and  a  general  glandular 
enlargement. 

Case  30.— Edward  W.,  white,  male,  age  57.  Family  and  past  history  are 
negative.  Onset  of  present  illness  about  one  year  ago  with  tired  feeling, 
and  about  one  month  ago,  fever,  chill  and  prostration.  Since  then  the 
history  has  been  one  of  progressive  weakness,  anorexia,  and  prostration, 
occasional  night  sweats  and  loss  of  weight  Physical  examination  Janu- 
ary 2, 1905,  showed  loss  of  weight  and  palpable  axillary  glands,  but  no  defi- 
nite signs  in  chest  or  abdomen.  The  blood  showed  a  secondary  ansmia  with 
an  eosinophilia  of  18%.  Two  months  later  numerous  motile  amo&bn  were 
found  in  the  stools.  Eosinophilia  had  dropped  to  6%.  Shortly  after,  the 
patient  had  three  large  intestinal  hemorrhages  and  died  with  signs  of 
ansemia. 

Autopsy  2496.  Anatomical  Dio^oti^.— Multiple  lymphosarcomata  of  in- 
testine; nodules  in  the  pancreas  and  adrenals;  adhesive  pericarditis; 
chronic  pleural  adhesions;  hemorrhage  into  the  intestine  (amaebn  found 
in  intestinal  contents  during  life). 

Body:  Is  that  of  a  slenderly  built  middle-aged  white  man;  the  chest  and 
abdomen  show  no  changes  on  superficial  examination.  Heart:  Adhesive 
pericarditis.  Lungs:  Show  old  pleural  adhesions.  Spleen:  Is  enlarged. 
On  section  the  pulp  is  grayish  red  and  soft;  the  Malpighian  bodies  are 
easily  visible.  lAver:  Is  not  enlarged.  Its  surface  is  smooth.  Stomach, 
pancreasy  adrenaU  and  kidneys:  Stomach  is  normal  except  where  it  is 
bound  to  the  pancreas.  In  the  duodenum,  opposite  the  head  of  the  pan- 
creas, the  intestinal  wall  is  greatly  thickened.  Directly  behind  this  area 
are  numerous  and  large  lymph  glands,  homogeneous  and  pearly  white. 
The  tail  of  the  pancreas  is  c<Hiverted  into  a  tumor  mass.  The  left  adrenal 
is  surrounded  by  this  tumor.  Kidneys  seem  normal.  Retroperitoneal 
glands:  Are  somewhat  enlarged.  Intestines:  Are  filled  with  fresh  blood 
to  a  high  point  in  the  ileum.  Lymphoid  nodules  are  not  especially  promi- 
nent. There  are  no  ulcerations  in  the  colon.  The  Peyer's  patches  appear 
normal  until  a  point  is  reached  about  30  cm.  above  the  ileocecal  valve 
where  the  folds  become  thickened,  rigid*  and  flnn.  In  this  region  the 
mucosa  is  deeply  ulcerated,  ragged  and  necrotic  on  the  surface.  The 
adjacent  mesentery  contains  an  enlarged  lymph  gland  which  on  section  is 
homogeneous  and  pearly  white  in  color.  Progressing  up  the  ileum  are 
irregular  thickenings  involving  particularly  the  submucosa  and  muscularis. 
So  on  up  the  intestine  these  irregular  patches  of  thickening  are  repeated 
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until  a  point  1b  reached  abont  100  cm.  below  the  daodenom  where  six 
Intestinal  loops  are  extremely  rigid  dne  to  a  thickening  In  all  the  walls 
with  no  ulceration.  The  mesenterr  shows  large,  homogeneous,  pearly 
white  glands.   Inguinal  gland$:  Are  not  conspicuously  enlarged. 

MicroMcopic  Pathology,'— Intestine:  Is  extensively  Infiltrated  by  regular 
lymphoid  cells  averaging  Sn  In  diameter,  composed  of  a  small  amount  of 
cytoplSLBm  and  a  large  vesicular  nucleus.  Lymph  gland:  Sections  show  a 
homogeneous  mass  of  lymphoid  cells.  The  ci^sule  Is  somewhat  Infiltrated, 
germinal  centres  are  obliterated,  sinuses  are  Indistinct  The  cells  are 
similar  to  those  described  above.  Bpleen,  liver  and  kidneys:  Show  no  Infil* 
tratlon.  Pancreas,  testicle,  adrenal  and  hone  marrow:  Show  extensive  In- 
filtrations of  lymphoid  cells 

Briefly^  a  white  man^  57  years  old^  came  to  the  hospital  with  a 
yearns  history  of  weakness,  anorexia  and  loss  of  weight.  Physical 
examination,  January  2,  1905,  showed  loss  of  weight,  an  eosinophilia 
of  18  per  cent,  and  motile  amoebaB  in  the  stools.  After  several  large 
intestinal  hemorrhages  the  patient  died.  Total  duration,  one  year  and 
one  month.  Autopsy  showed  multiple  tumors  of  the  small  intestine, 
involvement  of  neighboring  glands,  and  infiltration  of  the  pancreas, 
adrenals,  testicles  and  bone  marrow.  This,  then,  is  a  lymphosarcoma 
of  the  intestine  which  has  extended  to  distant  organs  and  to  the  bone 
marrow. 

Casb  31. — Emory  H.,  white,  male,  age  17.  Family  and  past  histi»7 
are  negative.  Three  months  before  admission  began  to  have  pain  In  the 
abdomen  on  the  left  side,  constantly  present  but  worse  after  meals.  He 
became  constipated.  Abdomen  enlarged  and  a  lump  appeared  In  the 
hypochondrluuL  No  nausea  or  v(»nltlng.  Weakness,  dyspnoea,  and  pain 
Increased.  On  examination^  January  5,  1902,  the  abdomen  appeared  dis- 
tended with  numerous  nodular  masses.  Blood  count  practically  normaL 
Patient  died  three  days  after  admission. 

Autopsy  1842.  Anatomical  Diaonosis, — ^Persistent  thymus;  lymphosar- 
coma of  the  Intestine  with  dilatation  and  ulceration  of  the  Ileum;  metas- 
tases In  the  mesenteric,  abdominal  and  retroperitoneal  lymi^  glands 
Involving  the  pancreas  and  right  adrenal;  metastases  to  liver,  spleen, 
thymus,  kidneys  and  bone  marrow. 

Body:  Is  somewhat  emaciated  with  slight  enlargement  of  axillary  and 
Inguinal  glands.  In  the  peritoneal  cavity  are  three  large  tumor  masses 
above  and  to  the  right  of  the  bladder.  The  mesentery  Is  thickened  and 
filled  with  nodules.  Enlarged  lymph  glands  are  found  near  the  cardiac 
orifice,  at  the  pylorus,  and  along  the  aorta.  Both  pleural  cavities  contain 
large  amounts  of  yellow  fluid.  The  thymus  is  much  enlarged,  measuring 
11 X  4^  cm.  Several  large  lymph  glands,  8x6  cm.  in  diameter,  are  found 
in  the  mediastinum,  also  large  nodular  masses  are  noticed  on  the  dia- 
phragm.  Heart  and  lung$:  Normal.   Bpleen:  Weighs  200  grams  and  shows 
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nothing  unasnal.  Liver:  Weighs  1500  grams.  Beneath  the  capsule  and 
over  the  cat  sorfttce  oval,  white  nodules,  irregular  in  size,  are  distributed. 
Kidneys:  Weigh  125  grams  each  and  show  several  yellowish  nodules. 
Adrenals:  Are  normal  except  the  right  adrenal  is  apparently  embedded  in 
the  tumor  mass  below  the  liver.  Intestines:  The  small  intestine  shows 
throughout  its  length  numerous  small,  flat  nodules  situated  beneath  its 
membrane.  The  Beyer's  patches  are  somewhat  swollen.  45  cm.  from 
the  pylorus  the  jejunum  disappears  into  a  large  tumor  mass,  the  size  of  an 
infant's  head.  On  opening  the  remainder  of  the  ileum«  down  to  the 
ileocsecal  valve,  a  wonderful  picture  is  disclosed.  Three  tumor  masses  are 
seen  consisting  of  dilated  portions  of  the  ileum  infiltrated  with  new  growth 
and  continuous  with  tumor  nodules  in  the  mesentery.  The  walls  of  the 
intestine  are  much  thickened,  in  some  places  measuring  over  3  cm.  Large 
nodules,  external  to  the  ileum,  are  evidently  coalesced  mesenteric  glands. 
The  appendix  and  its  mesentery  are  thickened  and  infiltrated  with  new 
growth.  The  large  intestine  is  normal.  Behind  the  rectum  large  masses 
of  glands  form  nodules  4-5  cm.  in  diameter.  These  tumors  have  infiltrated 
the  surrounding  tissue,  binding  the  rectum  and  pelvic  fascia  into  one  Bolid. 
mass.    Inguinal  and  iliac  lymph  nodes  are  enlarged. 

Microscopic  Pathology, — Intestinal  tumor:  Sections  show  large  lymphoid 
cells  in  solid  masses  or  infiltrating  diffusely  the  intestinal  coats,  separating 
muscle  fibres,  connective  tissue  cells,  and  spreading  out  uniformly  in  the 
deep  layer  of  the  mucosa.  Sections  of  the  mucosa  show  little  stroma  and 
few  blood  vessels.  The  cells,  uniformly  placed,  regular  in  size  (8/i)  and 
shape,  show  little  cytoplasm  and  a  large  vesicular  nucleus  with  occasional 
coarse,  chromatin  granules.  Mitotic  figures  are  numerous.  Lymph  gland: 
Here  the  cells  are  more  irregular.  They  form  the  lymph  cords  displacing 
entirely  germinal  centers  and  normal  lymphocytes.  Sinuses  contain  only 
a  few  wandering  cells  and  giant  cells.  Spleen:  Large  lymphoid  cells  form 
the  Malpighian  bodies  and  appear  scattered  through  the  pulp.  Liver  and 
kidney,  pancreas,  adrenal,  tonsil:  Are  all  extensively  infiltrated  with 
large  lymphoid  cells.  Thymus:  The  usual  architecture  is  obliterated  by  a 
homogeneous  mass  of  lymphoid  cells.  Bone  marrow:  The  hemopoietic 
cells  are  obscured  by  the  homogeneous  lymphoid  Infiltration. 

Briefly,  a  white  boy,  17  years  of  age,  came  to  the  hospital  with  a 
three  months'  history  of  abdominal  pain  and  increasing  weakness. 
Physical  examination  disclosed  masses  in  the  epigastrium  and  normal 
blood  count.  The  patient  died  about  three  months  after  onset  of 
symptoms.  The  autopsy  showed  multiple  tumors  of  the  small  intestine 
with  infiltration  of  parenchymatous  organs,  tonsils  and  bone  marrow, 
general  glandular  enlargement,  and  a  few  nodules  on  the  diaphragm. 
The  cells  are  all  of  large  lymphoid  type,  averaging  8/*  in  diameter. 
This  case  is  an  example  of  lymphosarcoma  with  general  distribution 
throughout  the  body. 
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Case  32. — William  F.,  black,  male,  age  55.  Family  and  past  history 
unimportant.  Onset  of  present  illness  four  months  before  admission  with 
weakness,  and  abdominal  pain.  Physical  examination,  October  14,  1913, 
showed  extreme  emaciation  and  anemia,  a  slight  general  glandular  en- 
largement, and  a  mass  In  the  epigastrium.  The  examination  of  the  blood 
was  incomplete  but  showed  a  slight  leucocytosis  and  slight  eosinophilia. 
The  patient  died  the  day  after  admission. 

Autopsy  4010.  Anatomical  Diagnosis, — ^Lsnnphoearcoma  of  abdomen 
forming  a  sheath  for  the  aorta  and  a  capsule  for  kidney  and  pancreas, 
involving  mesenteric  and  retroperitoneal  glands,  extending  into  the  dia- 
phragm, over  the  pleural  surfaces,  involving  left  adrenal;  general  anaemia 
and  emaciation,  etc. 

Body:  Is  that  of  an  emaciated  colored  man.  Peritoneal  surfaces  are 
smooth.  Beneath  the  omentum  a  huge  mass  extends  from  the  dome  of  the 
diaphragm  on  the  left  side  as  far  down  as  the  pelvis,  compressing  the 
spleen,  pushing  the  duodenum  anteriorly,  hiding  all  evidence  of  pancreas, 
left  adrenal  and  left  kidney.  Heart:  Negative.  Lungs:  Show  areas  of 
broncho-pneumonia.  Spleen:  Weighs  140  grams  and  i4;>pears  normal. 
lAver:  Weighs  1500  grams.  Periportal  areas  are  translucent  and  gray. 
Kidneys:  The  right  kidney  and  adrenal  seem  normal.  The  left  kidney  is 
shelled  out  of  a  capsule  of  tumor  tissue.  On  section  it  is  enlarged  and 
shows  areas  of  infiltration.  The  ureter  on  this  side  is  surrounded  by  tumor 
tissue  which  surrounds  also  the  abdominal  aorta.  The  adrenal  is  buried 
in  this  mass  and  seems  almost  destroyed.  Pancreas:  At  its  head  seems 
normal  Elsewhere  it  is  completely  surrounded  by  an  envelope  of  tumor. 
Pelvic  organs:  Normal.  Tumor:  Seems  to  consist,  then,  of  enlarged  mes- 
enteric and  retroperitoneal  glands  with  extensive  regional  infiltration. 
Gastrointestinal  tract:  Normal. 

Microscopic  Pathology, — Tumor:  Sections  through  the  retroperitoneal 
glands  show  solid  masses  of  large  lymphoid  cells  averaging  8m  in  diameter, 
irregular  in  outline,  with  large  irregular  vesicular  nuclei.  Mitoses  are 
frequent.  Many  of  these  cells  contain  two  or  three  nuclei.  Spleen:  Possi- 
bly a  few  of  these  large  cells  are  scattered  about  In  the  region  of  the 
Malpighian  bodies.  Pancreas:  Extensively  infiltrated.  Liver  and  kidney: 
Negative. 

Briefly,  the  patient,  a  colored  man  55  years  old,  came  to  the  hospital 
October  14,  1913,  with  a  four  months^  history  of  abdominal  pain. 
Physical  examination  disclosed  a  general  glandular  enlargement,  masses 
in  the  epigastrium  and  a  slight  leucocytosis.  Exitus  four  months 
after  onset.  At  autopsy,  tumors  of  the  mesenteric  and  retroperitoneal 
glands  were  found  extending  to  form  a  capsule  about  the  kidney,  in- 
volving pancreas,  adrenal,  diaphragm  and  pleura.  There  was  a  general 
glandular  enlargement.  The  cells,  except  for  evidence  of  amoeboid 
activity,  are  quite  similar  to  those  seen  in  other  cases.    This  case. 
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occurring  in  an  older  individual,  is  of  considerable  interest.  The  pro- 
cess did  not  localize  in  the  intestine  but  started  in  the  mesenteric  and 
retroperitoneal  glands,  spreading  from  there  to  pancreas,  adrenal  and 
other  lymph  glands. 


CHART  NO.  2.— SUMMARY  OP  ABDOMINAL  GROUP 
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Although  no  accurate  conclusions  may  be  drawn  from  the  study  of 
six  cases,  several  interesting  points  should  be  mentioned.  (1)  The 
disease  tends  to  occur  in  young  individuals.  (2)  The  disease  runs  a 
rapid  course,  usually  within  one  year.  (3)  Abdominal  discomfort, 
loss  of  weight,  and  malaise,  are  characteristic  symptoms  and  abdominal 
tumor  masses  may  be  noted  clinically.  (4)  At  autopsy  the  findings 
are  surprisingly  similar.  Single  or  multiple  tumors  of  the  small  in- 
testine (5  cases)  or  mesenteric  glands  (1  case)  are  encountered.  These 
tumors  spread  locally  to  infiltrate  retroperitoneal  tissues,  glands,  ad- 
renals, pancreas,  etc.  But  further  extension  to  spleen,  liver  and  kidneys, 
lymph  glands,  deep  and  superficial,  testicles  and  bone  marrow,  which 
occurs  so  characteristically,  must  take  place  by  way  of  the  blood  stream. 

MEDIASTINAL  GROUP 

Another  point  of  predilection  for  this  tumor  formation  seems  to  be 
in  the  glands  of  the  mediastinum.  Four  cases  from  The  Johns 
Hopkins  Hospital  pathological  records  will  be  described : 

Case  33.— Hester  B.,  black,  female,  age  60.  Patient  was  admitted  to  the 
hospital  August  10,  1899.  No  history  was  obtainable.  Physical  examina- 
tion was  unsatisfactory.   The  iMttient  died  the  day  after  admission. 

Autopsy  1402.  Anatomica^l  Diagnosis,— Tumor  of  mediastinum  and  heart; 
involvement  of  bronchial  glands;  acute  pericarditis  with  adhesions;  cardiac 
hsrpertrophy  and  dilatation;  thrombus  in  right  auricle;  infarcts  of  spleen 
and  kidney,  etc. 
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Body:  Is  that  of  a  stout  colored  woman.  Peritoneal  cavity  is  nonnaL 
Chest  cavities  contain  fluid.  A  tumor  mass  is  seen  in  the  anterior  medi- 
astinum at  the  base  of  the  aorta,  surrounding  the  trachea  and  involving 
pericardial  lymph  glands  and  bronchial  glands.  The  tumor  is  white  in 
appearance  and  on  section  is  soft  in  c(msistency.  Heart:  The  wall  of  the 
right  ventricle  is  enormously  enlarged  and  thickened  by  the  tumor  ext^a- 
sion  which  almost  entirely  replaces  the  myocardiuuL  Lungs  and  lymph 
glands:  Negative.  Spleen:  Weighs  180  grams  and  shows  infarcts.  Livtr: 
Appears  mottled  and  cloudy.  Kidneys:  Are  large  and  pale  with  distOTted 
architecture.    Other  organs:  Show  no  changes  relative  to  our  interest 

Microscopic  Pathology. — ^The  sections  show  a  cellular  tumor  of  the  lym- 
phoid type.  The  cells  are  irregular  in  size  and  shape,  varying  from  6-12/Et 
in  diameter,  and  range  from  spherical  to  spindle  form.  The  nuclei  are 
sometimes  round,  oval,  sometimes  budding,  racquet  shaped,  and  spindle 
shaped.  The  nucleus  contains  chromatin  particles  and  except  for  differ- 
ences in  outline  appears  identical  in  each  cell.  Mitoses  are  frequent  The 
stroma  is  delicate.  8pleen,  liver,  kidneys  and  intestine:  Show  no  ovular 
infiltration. 

Briefly^  a  black  female^  aged  60  years^  was  admitted  to  the  hospital, 
August  10, 1899,  practically  moribund  from  some  respiratory  diflBculty. 
No  satisfactory  history  or  physical  examination  was  obtainable. 
Autopsy  showed  an  invasive  tumor  of  the  mediastinum,  involving  peri- 
cardium and  heart.  No  general  glandular  enlargement  and  no  infiltra- 
tion of  the  parenchymatous  organs  were  present.  The  tumor  cells  are 
irregular  in  size  (5-12/i)  and  shape,  composed  of  pleomorphic  nucleus 
and  prominent  cytoplasm.  This  case  may  be  regarded,  then^  as  a 
strictly  localized  lymphosarcoma  of  the  mediastinum   (Kundrat). 

Case  34.--N.  O.,  blacky  male,  age  47.  Family  and  past  history  are  un- 
important Present  illness  began  ten  months  before  admission  with  a 
small  nodule  in  the  neck.  Four  months  ago  glands  on  both  sides  of  his 
neck  and  above  the  clavicle  were  very  large,  his  voice  changed,  and  he 
began  to  have  difficulty  in  swallowing  and  breathing.  Physical  examina- 
tion December  22,  1917,  showed  signs  of  respiratory  distress,  tremendous 
enlargement  of  the  cervical  glands,  and  a  moderate  enlargement  of  all  the 
superficial  glands.  Liv^  was  palpable.  Spleen  not  felt  X-ray  showed  a 
mediastinal  mass.  Examination  of  blood  normal.  The  patient  died  two 
days  after  admission  from  respiratory  difficulty.  His  temperature  was 
subnormal  until  the  last  day. 

Autopsy  5402.  Anatomical  Diagnosis, — Lymphosarcoma  of  cervical,  axil- 
lary and  mediastinal  lymph  glands;  invasion  of  trachea  and  pleura;  in- 
volvement of  right  vagus  and  both  recurrent  laryngeal  nerves;  oddema  of 
glottis;  tracheotomy  wound;  thrombosis  of  both  subclavian  and  axillary 
veins;  lobular  pneumonia. 
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Bodi;:  Is  that  of  a  well  preserved,  middle-aged,  negro  man.  The  neck 
is  much  enlarged  due  to  the  presence  of  nodular  masses  on  the  right  and 
left  sides,  beneath  the  Jaws  and  extending  down  to  the  clavicles.  The 
inguinal  glands  are  enlarged.  Retroperitoneal  and  mesenteric  lymph 
glands  are  of  about  normal  size.  Heart:  Normal.  Lungs:  Show  a  few 
tumor  metastases  and  early  lobular  pneumonia.  Lymph  nodes  at  the 
hilum  are  apparently  uninvolved.  8pleen:  Weighs  185  grams  and  is  ap- 
parently normal.  Liver:  Weighs  1680  grams  and  shows  no  changes  in  the 
gross.  Kidneys:  Normal.  Tumor:  Is  composed  of  large  whitish  nodules, 
apparently  lymph  glands.  In  many  areas  they  coalesce  to  form  large  con- 
glomerate masses  and  in  other  places  the  tumor  invades  the  tissues  and  is 
not  confined  to  the  glands.  What  is  apparently  the  primary  tumor  forms 
a  large  conglomerate  mass  in  the  neck  stretching  from  ear  to  ear,  down 
beneath  the  clavicles  to  form  a  large  mass  in  the  mediastinum.  It  sur- 
rounds the  nerves  and  trachea  and  extends  over  the  pleura.  Both  axillary 
groups  of  glands  form  large  confluent  masses. 

Microscopic  Study. — ^The  tissues  have  been  poorly  fixed  so  that  careful 
study  of  the  sections  is  very  difficult  Tumor:  Is  of  the  lymphoid  type; 
homogeneous  and  cellular.  The  cells  are  irregular  in  size  (6m)  and  shape, 
cytoplasm  is  indistinct  The  nuclei  are  rather  vesicular.  Mediastinal 
gland:  Seems  infiltrated  by  lymphoid  cells  of  the  type  described  above. 
These  cells  obliterate  germinal  centers,  fill  and  distort  the  sinuses,  and 
replace  all  but  a  few  lymphocytes  which  are  pushed  peripherally  against 
the  ci^sule.  Spleen,  liver,  kidney  and  Inme  marrow:  Show  no  invasion  of 
lymphoid  cells. 

Briefly^  a  colored  man^  aged  47  years^  came  to  the  hospital  with  large 
cervical  glands  of  10  months^  duration,  which  produced  difficulty  in 
breathing  and  swallowing.  Physical  examination  December  22,  1917, 
showed  a  cervical  tumor,  palpable  superficial  glands  and  enlarged 
liver.  X-ray  disclosed  a  mediastinal  mass.  The  blood  examination 
was  negative.  The  patient  died  two  days  after  admission.  Autopsy 
revealed  an  invasive  tiunor  of  the  mediastinum,  enlargement  of  all 
superficial  glands  but  no  infiltration  of  the  parenchymatous  organs. 
Everywhere  the  tumor  cells  were  of  the  lymphoid  type,  irregular  in 
size  (6/i)  and  shape,  but  similar  in  general  morphology.  This  case 
may  be  regarded,  therefore,  as  a  lymphosarcoma  of  the  mediastinum 
with  involvement  of  all  superficial  lymph  glands. 

Case  36. — ^John  K.,  white,  male,  age  27.  Family  and  past  history  are 
negative.  Present  illness  began  six  weeks  before  admission  with  cough, 
dyspnoea  and  swelling  on  the  left  side  of  the  neck.  Dysphagia  developed 
shortly  after.  Physical  examination  August  27,  1889,  showed  enlarged 
cervical  glands  and  tonsils,  but  no  perceptible  increase  in  size  of  axillary 
or  inguinal  glands.    The  patient  died  suddenly  the  day  after  admission. 
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Autopsy  22.  Anatomical  DiagnosU. — ^Lymphosarcoma  of  mediastinal  and 
cervical  lymph  glands,  pericardium,  myocardium,  and  pleura;  chronic  pas- 
sive congestion  of  abdominal  viscera. 

Body:  Is  that  of  a  well  nourished  young  man,  weighing  about  175  pounds. 
Large  masses  are  palpaUe  on  the  left  side  of  the  neck.  On  removing  the 
sternum  a  tumor  irregular  in  outline  with  an  average  diameter  of  17  cm. 
is  seen.  It  occupies  the  mediastinum,  extending  into  the  right  and  left 
pleural  cavities,  over  the  pericardium,  and  around  the  great  vessels.  It 
involves  all  the  mediastinal  glands  and  is  continuous  with  the  glandular 
swellings  in  the  neck.  On  section  the  tumor  appears  mottled,  soft  and 
moist,  similar  to  the  cervical  glands.  Lungs:  Show  an  occasional  tumor 
nodule,  evidently  a  direct  extension.  The  bronchial  glands  appear  similar 
to  the  tumor  mass.  Tonsils:  Are  very  large  and  of  the  same  color  and  con- 
sistency as  the  tumor.  Heart:  Normal  except  for  thick  masses  on  the 
epicardium  surface  opposite  the  tumor  in  the  pericardium.  Diaphragm: 
Is  covered  with  small  nodules.  Spleen:  Weighs  310  grams.  On  section 
a  number  of  soft,  whitish,  nodules  are  seen.  Liver:  Weighs  2000  grama. 
On  section  it  appears  normal.  Pancreas ^  adrenals,  kidneys:  Normal. 
Lymph  glands:  All  the  mesenteric  and  retroperitoneal  glands  are  enlarged. 
In  general  they  present  the  same  appearance  as  the  tumors.  Cfastro" 
intestinca  tract:  Normal,  except  for  the  enlargement  of  solitary  follicles  in 
the  large  intestine. 

Microscopic  Pathology j— The  sections  show  a  cellular  tumor  of  the  lym- 
phoid type.  The  cells  are  quite  regular  in  size  (6-7/i)  and  shape.  Usually 
little  or  no  cytoplasm  is  visible.  The  nucleus  is  sharply  outlined,  uniform, 
containing  coarse  chromatin  granules.  Mitotic  figures  are  numerous. 
Stroma  is  scanty.  Spleen:  Malpighian  bodies  are  hypertrophied  and  show 
in  their  vicinity  large  lymphoid  cells  which  are  also  scattered  throughout 
the  pulp.  It  is  difficult  to  relate  these  cells  with  those  concerned  in  the 
mediastinal  tumor.  Litter:  Here,  however,  the  periportal  accumulations 
of  lymphoid  cells  are  definite.  Between  the  connective  tissue  cells, 
wandering  through  the  liver  lobules,  they  often  assume  bizarre  forms. 
Mitoses  are  frequent  Kidney:  Sections  show  no  lymphoid  infiltration. 
Intestine:  The  mucosa  and  submucosa  are  distended  by  a  very  dense  infil- 
tration of  lymphoid  cells. 

Briefly,  a  white  man,  aged  27  years,  came  to  the  hospital  with  a 
cervical  tumor  of  six  weeks*  duration  which  was  producing  difficulty 
in  breathing  and  swallowing.  Physical  examination,  August  27, 1889, 
disclosed  enlargement  of  the  cervical  glands  and  tonsils.  No  blood 
examination  was  recorded,  for  the  patient  died  a  few  hours  after  admis- 
sion. Autopsy  showed  an  invasive  tumor  of  the  mediastinum,  a  general 
glandular  enlargement  with  infiltration  of  intestine  and  liver.  Every- 
where the  tumor  cells  were  of  the  lymphoid  type,  regular,  and  similar 
in  size  (6/i),  shape,  and  general  morphology.    Presuming  the  blood  to 
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have  been  normal,  we  may  regard  this  ease  as  a  lymphosarcoma  of  the 
mediastinum  accompanied  by  a  general  glandular  enlargement  and 
beginning  infiltration  of  the  parenchymatous  organs. 

Casb  36.— William  O'K.,  white,  male,  age  57.  Family  and  past  history 
are  negative.  Present  illness  began  four  months  before  admission  with 
cough,  dyspnoea,  and  numerous  attacks  of  hemoptysis.  Physical  examina- 
tion, January  21,  1918,  showed,  orthopnoBa,  cyanosis  of  face  and  neck,  and 
a  mass  Just  above  the  clavicle  extending  over  the  right  side  of  the  neck. 
Retromanubrial  dulness  increased.  Liver  palpable.  Wassermann  nega- 
tive. X-ray  of  chest  showed  a  mediastinal  mass.  Diagnosis  of  excised 
lymph  gland — ^lymphosarcoma.  Examination  of  blood  showed  slight  secon- 
dary anaemia.  Radium  treatment  was  administered  for  one  month,  but  the 
patient  continued  a  downward  course  and  died  March  6, 1918. 

Autopsy  5467.  Anatomical  DiagnoaU. — ^Lonnphosarcoma  of  mediastinum 
invading  right  lung,  superior  vena  cava  and  pericardium;  metastases  to 
adrenal  and  bone  marrow;  radiation  of  thorax;  early  degeneration  of 
tumor  cells;  hemothorax  and  hemoperlcardium. 

Body:  Is  that  of  a  white  man  weighing  117  pounds.  There  is  a  large 
mass  at  the  root  of  the  neck  Just  above  the  right  clavicle.  No  glands  are 
felt  in  the  left  side  of  neck,  axilla  or  groin.  Both  pleural  cavities  are 
filled  with  bloody  fluid.  A  large  tumor  mass  occupies  the  mediastinum  and 
invades  extensively  the  upper  right  lung  and  parietal  pleura.  Tumor 
nodules  stud  the  pleura  and  pericardium^  invade  the  superior  vena  cava 
and  left  innominate  vein,  trachea,  and  right  primary  brcmchus.  Peri- 
cardial sac  contains  a  small  quantity  of  bloody  fluid.  Heart:  Is  normal 
except  for  tumor  masses  extending  through  the  pericardium.  Bpleen: 
Weighs  125  grams  and  seems  normal.  Liver:  Weighs  1810  grams  and 
seems  normal.  Intestines:  Show  no  hyperplasia  of  the  lymphoid  follicles. 
Adrenals:  Are  enlarged  and  pale.  Kidneys:  Seem  normal.  Pelvic  organs 
and  Neck  organs:  Normal. 

Microscopic  Pathology, — Tumor:  Sections  show  a  cellular  tumor  of  the 
lymphoid  type.  The  cells  are  observed  in  solid  masses,  equidistant  They 
are  irregular  in  size  (6-8/i)  and  shi^j^e.  The  nucleus  is  filled  with  coarse 
chromatin  granules.  Mitoses  are  frequent  Spleen,  liver  and  kidney: 
Show  no  evidence  of  lymi^oid  infiltration.  Adrenal:  Nodules  of  lymphoid 
cells  quite  like  a  tumor  metastasis  are  invading  the  adrenal  cortex. 
Bone  marrow:  Solid  masses  of  lymphoid  cells  replace  entirely  the  hemo- 
poietic tissue. 

Briefly^  a  white  man,  aged  57  years^  came  to  the  hospital  with  a 
four  months'  history  of  cough,  orthopnoea,  and  hematemesis.  Physi- 
cal examination  January  21,  1918,  showed  cervical  tumors,  a  palpable 
spleen,  a  mass  in  the  mediastinum,  and  mild  secondary  ansmia.  An 
excised  gland  was  diagnosed  lymphosarcoma.  After  numerous  treat- 
ments by  radium  the  patient  died  March  6,  1918,  about  six  months 
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after  onset.  The  autopsy  lerealed  an  inyafiiTe  tomor  of  the  medias- 
tinnm  with  distant  nodules  in  the  adrenals  and  infiltration  of  the 
bone  marrow.  Xo  general  glandnlar  enlargement  and  no  infiltration 
of  the  porenchjmatons  oigans  was  noted.  Everywhere  the  cells  were 
of  lymi^oid  type,  similar  in  size  (6-8/&) ,  shape  and  general  morphology. 
This  case  might  be  classed  with  the  lymphosarcomata  of  the  medias- 
tinnm  with  extension  by  the  blood  stream  to  adrenal  and  heme  marrow, 
marrow. 

CHART  NO.  3.— SUMMARY  OP  MEDIASTINAL  GROUP 
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This  group,  also,  is  smaU  for  statistical  study.  Similarity  to  the 
abdominal  group  as  regards  mode  of  extensiim  is  striking.  The  tumor 
may  be  strictly  localized  (Case  33)  or  may  spread  progressiTely  by 
way  of  the  blood  stream. 


CLDaCAL  GHOUP 

From  the  clinical  standpoint,  the  question  of  lymphoearcoma  is  erei 
more  c<Hifusing.  Microscopic  examination  of  an  affected  gland  will 
rule  out  tuberculosis,  secondary  tumor,  etc.  But  can  the  patholc^ist 
distinguish  between  Hodgkin's  disease  and  lymphosarcoma,  can  he 
eTen  diagnose  these  conditions,  and,  more  important,  can  he  gire  a 
reliable  prc^osis? 

To  answer  these  questions,  the  following  cases,  26  lymph  glands  re- 
moTed  at  operation,  examined  by  different  pathologists,  and  diagnosed 
l3rmpho6arcoma,  have  been  chosen. 

Cask  37.— W.,  white,  male,  age  63.  &  P.  3100.  Lnnpa  in  left  axilla 
September,  1898  (20  months  before  admliwion).  Janaary,  1906.  pain  and 
rapid  increaae  in  siae;  Maj,  1900,  sise  U  child's  head.  Operatioii:  ercialiB 
of  tamer  and  glanda.    Death  one  month  later.    Doratioa  n  montha. 

GlondL— Microscopic  aectiona:  Homogeneooa  maas  of  lymphoid  eeUa. 
Oipaale  inTaded*  sinnaeB  and  germinal  centers  obUterated.  Strooia  in- 
creased.   Predominating  odl  is  of  lymphoid  type,  aTeraging  8#i  in  < 
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very  amoeboid.  Nucleus  is  vesicular,  and  in  many  cells  mitoses  are  seen. 
Nuclear  fragments  are  abundant  There  is  some  endothelial  hyperplasia; 
few  eosinophiles  are  seen;  few  normal  Isnnphocsrtes. 

Case  38. — ^D.,  white,  female,  age  62.  S.  P.  3195.  Tumor  over  left  jaw  two 
mcmths.  Rapid  growth  with  pain.  Examination  showed  swelling  in  right 
side  of  neck,  8  x  12  cm.,  and  lumps  over  left  jaw.  Operation  July  23,  1900, 
tissue  for  diagnosis.    Death  one  month  later.    Duration  three  months. 

Oland. — ^Microscopic  section:  Hcnnogeneous  mass  of  lymphoid  cells. 
Capsule  not  invaded,  sinuses  and  germinal  centers  obliterated.  Stroma 
not  increased.  Predominating  cell  is  of  lymphoid  type,  averaging  Sfi  in 
diameter.  No  evidence  of  amoeboid  movement  Nucleus  is  vesicular; 
mitoses  frequent   No  other  cells  are  conspicuous. 

Case  39. — ^V.,  white,  male,  age  52  years.  S.  P.  4245.  Swelling  at  angle  of 
jaw  for  15  months.  Rapid  growth.  Loss  of  weight  Qlands  appeared  in 
neck,  groin  and  axilla.  Operation  June,  1902;  gland  for  diagnosis.  Death 
one  hour  later.    Duration  15  months. 

Oland. — Microscopic  section:  Homogeneous  Isrmphoid  masses  in  cords 
and  strands  between  delicate  reticulum.  Capsule  not  invaded;  sinuses  and 
germinal  centers  obliterated.  Stroma  not  Increased.  Predominating  cell 
is  of  lymphoid  type,  averaging  8m  in  diameter.  Amoeboid  movement  marked. 
Nucleus  vesicular  with  coarse  chromatin.    Frequent  mitoses. 

Case  40.— P.,  white,  female,  age  2.  S.  P.  8400.  Abdominal  symptoms 
five  months.  Loss  of  weight  Operation,  August  14, 1907,  nodules  attached 
to  all  viscera.  No  general  glandular  enlargement;  lumen  runs  through 
tumor  tissue. 

Oland, — Microscopic  note:  Homogeneous  mass  of  lymphoid  cells.  Cap- 
sule not  invaded,  sinuses  and  germinal  centers  obliterated.  Stroma  not 
increased.  Predominating  cell  is  of  l3miphoid  type,  averaging  7^  in  diame- 
ter. No  evidence  of  amoeboid  activity.  Nucleus  is  vesicular;  chromatin 
coarse;  numerous  mitoses.    No  other  cells. 

Case  41. — ^M.,  white,  male.  S.  P.  10718.  Masses  in  nasopharynx  and 
enlarged  glands  two  months.  Operation,  July,  1910;  excision  of  glands. 
Death  two  months  later.    Duration  four  months. 

Olands. — ^Microscopic  note:  Homogeneous  mass  of  large  lymphoid  cells. 
Capsule  not  invaded,  sinuses  and  germinal  centers  obliterated.  No  increase 
in  stroma.  Predominating  cell  is  of  Isrmphoid  type,  averaging  9m  in 
diameter.  Amoeboid  activity  marked.  Nucleus  vesicular  with  coarse 
chromatin.  Many  mitoses.  Endothelial  lined  sinuses  are  evident  No 
eosinophiles;  a  few  normal  lymphocytes  are  crowded  in  small  islands. 

Case  42.— S.,  white,  male,  age  63.  S.  P.  10996.  Tumor  at  angle  of  jaw 
six  months.  Operation  November  10,  gland  for  diagnosis.  Recurrence 
two  years  later.    Death.    Duration  three  years  and  eight  months. 

Oland, — ^Microscopic  note:  Homogeneous  mass  of  lymphoid  cells.  Cap- 
sule  extensively   invaded.     Germinal   centers  obliterated;    hyperplastic 
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sinases  visiUe.  No  increase  in  stroma.  Predominating  cell  is  of  lymphoid 
type,  onasaally  regular,  averaging  6-7m  in  diameter.  Nuclei  somewhat 
yesicolar;  chromatin  fine;  no  mitoses.    No  other  cells. 

Cask  43. — S.,  white,  male,  age  23.  S.  P.  12304.  Lamps  behind  ear  and  in 
abdomen  four  weeks.  Loss  of  weight  Operation  December,  1911;  excision 
of  gland  for  diagnosis.    Death  two  weeks  lata:.    Duration  six  we^cs. 

GIoiMl.^'Microscc^c  note:  Homogeneous  mass  of  lymphoid  cells.  Cap- 
sule infiltrated.  Germinal  centers  and  sinuses  obliterated.  Stroma  not 
increased.  Predominating  ceU  U  lymphoid  type,  quite  regular*  averaging 
7m  in  diameter.  Nuclei  vesicular  with  coarse  chromatin;  mitoses  frequ^it 
Few  larger  endothelial  cells. 

Casi  44.— R.,  white,  femala  S.  P.  13080.  Tumors  of  scalp  and  cervical 
glands  two  years  and  three  months.  Operation,  August,  1912;  excision  of 
gland  for  diagnosis  followed  by  excision  of  glands.    Patient  lost  trace  <rf. 

Qland. — ^Microscopic  note:  Mass  of  lynu»hoc3rtes  supported  in  an  irregu- 
lar  reticulum.  Capsule  is  invaded;  germinal  centers  and  sinuses  are  oUiter- 
ated.  Stroma  is  prcmiinent.  Predominating  cell  is  6t  lymphoid  type 
(8-10m)  in  diameter,  very  amceboid.  Nuclei  are  vesicular  with  coarse 
chromatin.    Many  mitoses  are  seen.    Bndothelial  cells  are  scatt^ed  about 

Casb  45.— J.,  white,  male,  age  22.  S.  P.  14132.  Cervical  tumors  six 
months.  Later  general  glandular  enlargement  and  difficulty  in  swallow- 
ing. Operation,  January,  1913;  excision  of  gland  tot  diagnosia  Pati^it 
lost  trace  of. 

Olancf.— Microscopic  note:  Mass  of  lymphocytes,  homogeneous^  infiltrat- 
ing capsule,  obliterating  germinal  centers  and  sinuses.  No  increase  in 
stroma.  Predominating  cell  is  of  lymi^oid  type,  7-8^  in  diameter,  regular 
in  size  and  shi4>e.  Nuclei  are  somewhat  vesicular;  chromatin  rather 
coarse;  no  mitoses;  many  eosinophiles  clumped  and  scattered. 

Case  46.— K.,  white,  male,  age  45.  S.  P.  14623.  Lump  beneath  right 
ear  eight  months.  Bfoss  extended  to  clavicle.  Operation  September,  1913; 
excision  of  gland  for  diagnosis.  Death  one  month  later.  Duration  nine 
months. 

OlarUL — ^Microscopic  note:  Confused  mass  of  Isrmphoid  cells,  invades 
capsule,  surrounds  hyperplastic  germinal  centers  and  fills  sinuse&  Stroma 
seems  somewhat  more  prominent.  Predominating  cell  is  c^  lymi^oid  type, 
6-7m  in  diameter,  regular  in  size  and  shape.  No  amoeboid  activity.  Nuclei 
somewhat  vesicular.  Chromatin  rather  coarse;  many  mitoses.  Few  normal 
lymphocjrtes;  moderate  sprinkling  pf  endothelial  cells;  many  P.  M. 
eosinophiles. 

Case  47. — ^P.^  white,  male,  age  55.  S.  P.  15855.  Tumor  of  occiput  six 
months.  Operation,  June,  1914;  excision  of  mass.  Later,  after  radium 
treatment,  general  glandular  enlargement  and  a  mass  in  the  epigastrium 
developed.    Death.    Duration  one  year  and  four  months. 


Digitized  by 


Google 


Lymphosarcoma  and  AUied  Conditions  285 

Gland. — ^MicroBCopic  note:  Mass  of  lymphoid  cells  surroanding  lijper- 
plastic  germinal  centers.  Sinuses  obliterated.  Ci4»sule  infiltrated.  Stroma 
not  increased.  Predominating  cell  is  of  lymphoid  type,  ^Ifi  in  diameter, 
regular  in  size  and  shape.  Nuclei  vesicular  containing  coarse  chromatin. 
No  mitoses.    Few  endothelial  cells;  few  eosinc^hiles. 

Gasb  48. — M.,  white,  male,  age  45.  S.  P.  16488.  Infected  antra  three 
years;  polyps  two  years.  Recurred  three  months  after  operation.  General 
glandular  enlargement  one  year.  Operation,  NoTomber,  1914,  pharyngeal 
tumor  section  for  diagnosis.    Patient  lost  trace  of. 

Gland  T«mor.— Microscopic  note:  Homogeneous  mass  of  lymphoid  cells, 
infiltrating  capsule,  obliterating  germinal  centers  and  sinuses.  No  increase 
in  stroma.  Predominating  cell  is  of  lymphoid  type,  8m  in  diameter. 
Amceboid  activity  pronounced.  Nuclei  are  vesicular  and  contain  coarse 
chnnnatin  granules.    Mitoses  are  frequent    No  other  cells. 

Casb  49. — N.  L.  Operation  December,  1914;  glands  of  neck.  Patient  lost 
trace  of. 

OJand. — ^Microscopic  note:  Homogeneous  mass  of  lymphoid  cells.  Cap- 
sule infiltrated,  germinal  centers  and  sinuses  obliterated.  Slight  increase 
in  stroma.  Predominating  cell  is  of  lymphoid  typet,  6-8m  in  diameter.  Scnne 
evidence  of  amoeboid  activity.  Nuclei  vesicular  with  coarse  chromatin. 
BCany  mitotic  figures;  many  eosinophlles;  few  endothelial  cells. 

Casb  50. — ^B.  S.  P.  17083.  Operation:  excision  of  axillary  glands. 
Patient  lost  trace  of. 

Gland, — ^Microscopic  note:  Homogeneous  lymphoid  mass.  Capsule  in- 
filtrated.  Germinal  centers  present  but  small;  sinuses  dilated  and  filled 
with  cells.  Stroma  not  increased.  Predominating  cell  is  of  lymphoid  tjrpe, 
6-8m  in  diameter,  amoeboid.  Nuclei  vesicular  with  coarse  chromatin.  Few 
mitoses.    Many  lymph  spaces  lined  by  endothelial  cells. 

Cabb  51. — S.  S.  P.  17606.  Enlarged  tonsils  followed  by  enlarged  glands 
of  the  groin.    Patient  lost  trace  of. 

Gland. — Microscc^ic  note:  Homogeneous  mass  of  lymphoid  cells.  Cap- 
sule infiltrated,  germinal  centers  not  seen;  sinuses  dilated  and  filled  with 
cells.  No  increase  in  stroma.  Predominating  cell  is  of  lymphoid  type,  6-7/h 
in  diameter,  showing  evidence  of  amoeboid  activity.  Nuclei  coarse  and 
vesicular,  with  distinct  dinmiatin  granules.  No  mitoses.  Few  endothelial 
cells. 

Casb  62.— O.  a  P.  21219.  Operati<m  March,  1917;  excision  of  glands  of 
neck.    Death  two  months  later. 

Gland, — ^Microscopic  note:  Homogeneous  mass  of  lymphoid  cells  in- 
volving the  capsule  and  obliterating  sinuses.  Germinal  centers  barely  dis- 
tinguishable. Slight  increase  in  stroma.  The  predominating  cell  is  lym- 
phoid in  type.  It  is  very  amoeboid,  irregular  in  shape,  about  8m  in  diameter. 
The  nucleus  is  vesicular  with  coarse  chromatin  granules.  Frequent  mitoses. 
F^w  endothelial  and  phagocytic  c^s. 
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Cabs  63. — P.,  white,  male,  age  21.  S.  P.  21883.  Lumps  on  scalp  three 
months.  Difficulty  in  swallowing  and  enlargement  of  cervical  glands  one 
month.  EiXamlnation  showed  a  general  glandular  enlargement  and  a 
mediastinal  tumor.  W.  B.  C.  35,000,  mostly  polymorphs.  Operation  July, 
1917;  excision  of  gland  for  diagnosis.  Death  shortly  after  radium  treat- 
ment   Duration  three  and  a  half  mcxiths. 

Oland. — ^Microscopic  note:  Homogeneous  mass  of  lymphoid  cells  invad- 
ing capsule  and  obliterating  sinuses  and  germinal  centers.  No  increase  in 
stroma.  Predominating  cell  is  of  the  lymphoid  type,  about  7-8m  in  diameter, 
regular  in  size  and  shape.  No  sign  of  amceboid  activity.  Nuclei  are 
vesicular  with  coarse  chromatin.    Numerous  mitoses. 

Case  54. — S.,  white,  female,  age  35.  Soreness  in  throat  and  fulness  for 
some  months.  January,  1917,  doctor  diagnosed  white  spot  as  ulcer.  No 
palpable  glands.  August,  1917,  tonsilectomy  with  cautery.  W.  B.  0.  7,600. 
L.  and  S.  M.  37%.  Note  says  **  tonsil  was  not  encapsulated,  but  resembled 
lymphosarcoma."  December,  1917,  after  enlargement  of  glands,  submaxil- 
lary and  parotid  and  Isnnph  glands  were  removed  with  external  Jugular 
vein.  Tonsils  diagnosed  benign,  but  restudy  and  examination  of  glands 
removed  showed  lymphosarcoma  of  tonsil  and,  glands.  Radium  treatment 
was  given.  No  recurrence  of  right  side,  but  left  tonsil  became  involved 
and  on  January  26,  1919,  patient  died. 

Metastases  to  top  of  head;  cervical  glands;  glands  on  anterior  chest  and 
axilla.  Severe  sciatica  last  few  months  indicated  lumbar  metastases. 
Could  not  swallow  water  during  last  few  days.  Last  mcmth  T.  102**.  Last 
few  weeks  normaL  Death  one  year  and  five  months  after  first  operation  and 
one  year  and  eleven  months  after  first  symptom. 

Gland, — ^Microscopic  note:  Homogeneous  mass  of  lymphoid  cells  invad- 
ing capsule  and  obliterating  sinuses  and  germinal  centers.  No  increase  in 
stroma.  Predominating  cell  is  of  lymphoid  type,  9-10^  in  diameter,  quite 
regular.  Nucleus  is  vesicular  with  coarse  chromatin  granules.  Mitoses 
numerous.    Eosinophiles  present. 

Case  55. — ^B.,  white,  male,  age  42.  S.  P.  23687.  General  glandular  en- 
largement; mass  in  groin.  Operation  September,  1918;  excision  of  gland 
for  diagnosis.    Patient  lost  track  of. 

Gland, — ^Microscopic  note:  Mass  of  lymphoid  cells  surrounding  hyper- 
plastic germinal  centers.  Capsule  invaded.  Germinal  centers  hyperplastic 
and  composed  of  large  lymphoid  cells  similar  to  those  described  below. 
Sinuses  are  indistinct  Stroma  is  not  increased.  Predominating  cell  is  of 
lymphoid  type,  Sfi  in  diameter.  In  places  it  is  regular  in  shape,  in  other 
areas  slightly  amoeboid.  Nuclei  are  scmiewhat  vesicular  and  hyperchro- 
matic.    Mitoses  are  frequent    No  other  cells  seen. 

Case  56. — ^M.,  white,  male,  age  14.  S.  P.  23705.  Enlarged  cervical  glands 
two  months,  £3xamination  showed  a  general  glandular  enlargement  and 
mass  in  abdomen.    W.  B.  C.  4,500,  with  lyn4)hocytes  36%.    Operation  Octo- 
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ber,  1918;   excision  of  gland  for  diagnosiB.     Death  four  months  later. 
Duration  six  months. 

Otand, — Microscopic  note:  Homogeneous  mass  of  lymphoid  cells.  No 
invasion  of  capsule.  Sinuses  and  germinal  centers  obliterated.  No  in- 
crease in  stroma.  Predominating  cell  is  lymphoid  type,  regular  in  size 
(7-8Ai) .  There  is  no  evidence  oi  amceboid  activity.  Nuclei  are  vesicular  with 
coarse  chromatin  granules.   Many  mitotic  figures.    No  other  cells. 

Case  57. — C.,  white,  male,  age  66.  S.  P.  23727.  Left  tonsil  enlarged 
two  and  a  half  years.  Partial  tonsilectomy.  Enlarged  glands  of  neck 
seven  months.  Operation  October,  1918;  excision  of  gland  for  diagnosis. 
Death  three  months  later.    Duration  three  years. 

Otand. — Microscopic  note:  Homogeneous  mass  of  lymi^oid  ceUs  closely 
packed  and  invading  capsule,  obliterating  germinal  centers  and  sinuses. 
No  increase  in  stroma.  Predominating  cell  of  lymphoid  type.  Extreme 
amoeboid  activity.  Cells  average  8m  in  diameter  with  vesicular  nuclei 
containing  coarse  chromatin  granules.    Mitoses  frequent    No  other  cells. 

Case  58. — F.  S.  P.  23981.  Operation,  excision  of  glands  for  diagnosis. 
Patient  dead.    Duration  eight  +  months. 

Oland, — ^Microscopic  note:  Homogeneous  mass  of  lymphoid  cells.  Cap- 
sule not  invaded.  Germinal  centers  and  sinuses  are  indistinct  No  in- 
crease in  stroma.  Predominating  cell  is  of  lymphoid  type.  It  measures 
6-7Ai  in  diameter;  quite  amoeboid.  Others  are  regular,  still  others  are  frag- 
mented. Nuclei  are  large  and  somewhat  vesicular  with  coarse  chromatin 
particles.  Many  mitoses.  Considerable  hyperplasia  of  endothelial  cells. 
Many  phagocytic  cells. 

Case  59. — ^M.,  white,  female,  age  42.  S.  P.  9525.  Lump  in  right  axilla 
three  months;  soft,  painful,  freely  movable.  Nothing  in  either  breast 
Wassermann  negative.  Operation  February,  1909;  excision  of  gland. 
Patient  living  and  well  elev^i  years. 

Gland. — ^Bllcroscopic  note:  Homogeneous  mass  of  lymphoid  cells.  No 
definite  invasion  of  capsule.  Germinal  centers  and  sinuses  are  very  indis- 
tinct No  increase  in  stroma.  Predominating  cell  of  lymphoid  type,  5-6m 
in  diameter,  and  regular.  No  amoeboid  activity.  Not  especially  vesicular; 
no  coarse  chromatin.  No  mitoses.  Some  endothelial  hyperplasia.  Few 
wandering  cells. 

Case  60. — ^H.,  white,  male,  age  19.  S.  P.  19836.  Skin  rash  and  enlarged 
axillary  glands  three  weeks.  Small  glands  palpable  in  neck.  W.  B.  C. 
15,000;  normal  differential  count  Wassermann  negative.  Operation  July, 
1916;  gland  removed  for  diagnosis.  Treated  with  radium.  Patient  w^ 
four  years. 

Otand, — ^Microscopic  note:  No  invasion  of  capsule.  Masses  €i  lymphoid 
cells  surround  the  hyperplastic  germinal  centers.  The  germinal  center 
cells  are  large  and  vesicular;  they  are  surrounded  by  a  ring  of  normal 
lymphocytes.    The  sinuses  are  filled  with  lymphoid  cells.    Predominating 
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cell  is  of  lymphoid  type  about  8m  In  diameter  and  quite  regular.    Nucleus 
Is  yeslcular,  chromatin  coarse.   Many  mitoses. 

Case  61. — ^H.,  white  male,  age  44.  S.  P.  21470.  Lumps  in  groin.  All 
superficial  glands  palpable.  Blood  count  normal.  Operation  May,  1917; 
gland  removed  for  diagnosis.    Well  three  years. 

Gland.— Microscopic  note:  The  gland  morphology  is  distinct  Capsule 
slightly  infiltrated.  Germinal  centers  hyperplastic,  filled  with  large  central 
cells  surrounded  by  a  ring  of  lymphocytes.  Sinuses  can  be  determined. 
Large  areas  of  necroeis  with  pycnotic  nuclei  are  seen.  Predcmiinating  cell 
is  of  lymphoid  type.  They  measure  6-8m  in  diameter;  show  no  signs  of 
amcBboid  activity.  Nuclei  are  not  vesicular;  no  coarse  chromatin;  no 
mitoses.  Few  larger  cells  with  vesicular  nuclei.  Qame  endothelial  cell 
hyperplasia. 

Case  62. — C.,  white,  male,  age  53.  8.  P.  24104.  Family  history  of  tuber^ 
culosis.  Primary  syphilitic  lesion.  Mass  on  left  side  of  neck  six  months. 
Examination  showed  besides  this  palpable  inguinal  glands.  Wassermann 
negative.  Operation  February,  1919;  gland  removed  for  diagnosis.  Patient 
well  one  and  a  half  years. 

OJand, — Microscopic  note:  Homogeneous  mass  of  lymphoid  cells  infil- 
trating capsule,  obliterating  germinal  centers  and  sinuses.  No  increase  in 
stroma.  Predcnninating  cell  is  of  lymphoid  type  averaging  about  8m  in 
diameter.  No  amceboid  activity.  Nuclei  are  pale  and  round;  no  coarse 
chromatin  particles.    Numerous  mitoses.    No  other  cells. 

Fifteen  cases  are  dead;  seven  cases,  although  no  report  has  been 
received,  were  so  far  advanced  that  they  may  safely  be  classed  with  the 
fatalities,  bringing  the  total  to  22  cases.  Four  cases  are  living,  one 
after  11  years,  one  after  4  years,  one  after  3  years  and  one  after  2 
years. 

All  ages  are  aflfeeted ;  the  course  may  be  acute  (3  months)  or  chronic 
(4  years).  One  or  many  glands  may  be  involved.  The  microscopical 
picture  is  not  influenced  by  any  of  these  factors. 

Of  the  22  fatal  cases,  (1)  the  gland  architecture  was  replaced  by 
a  homogeneous  mass  of  lymphoid  cells  in  18  cases  (80^) .  Sinuses  and 
germinal  centers  were  distinguishable  in  5  cases.  (2)  The  capsule 
was  invaded  in  16  cases  (72^).  (3)  The  predominating  lymphoid 
cell  averaged  7-8/*  in  diameter  and  contained  a  somewhat  clear  nucleus 
with  coarse  chromatin  particles  irregularly  distributed.  (4)  Irregu- 
larity in  size  and  shape  of  these  cells,  denoting  amoeboid  activity, 
was  noted  in  12  cases  (54^).  In  these,  the  subsequent  course  was 
rapid;  exitus  occurring  within  a  few  months.  (5)  Mitoses  were  fre- 
quent in  18  cases  (80^).     (6)   Endothelial  hyperplasia,  oval  cells 
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usaally  lining  Ijrmph  spaces^  was  noticeable  in  10  cases  (45^) .  Eosino- 
philia  was  conspicuous  in  6  cases  (27^). 

Of  the  four  living  cases,  (1)  the  gland  architecture  was  obliterated 
in  two  cases.  (2)  The  capsule  was  infiltrated  in  two  cases.  (3)  The 
cells  appeared  usually  similar  to  those  described  above  in  the  fatal 
cases,  (4)  No  amoeboid  activity  was  noted.  (5)  Mitoses  were  numer- 
ous in  two  cases.  (6)  Slight  endothelial  hyperplasia  was  seen  in  two 
cases.     (7)  No  eosinophiles  were  noted. 

From  the  above  data  it  seems  that  the  four  living  cases,  all  of  whom 
are  reported  "well"  by  their  physicians,  show  glands  which  micro- 
scopically correspond  to  many  of  the  malignant  fatal  cases.  It  appears, 
then,  unwise  to  base  a  diagnosis  upon  the  microscopical  examination 
of  a  single  gland  or  at  least  to  offer  a  definite  prognosis. 

Lymphatic  Leukemia 

We  come,  now,  to  lymphatic  leukeemia,  where  a  permanent  increase 
in  the  number  of  lymphocytes  in  the  circulating  blood,  accompanied 
by  hyperplasia  of  the  lymphoid  elements,  renders  a  diagnosis  relatively 
simple.  There  occur,  however,  border  line  cases  which  make  a  brief 
survey  of  this  group  worth  while. 

Fifteen  cases  have  been  studied  from  the  pathological  records  of  The 
Johns  Hopkins  Hospital.    A  short  summary  of  each  follows: 

Casb  63. — O.,  white,  male,  age  57.  Family  and  past  history  unimportant 
Onset  (tf  present  illness  three  months  hetote  admlssioQ  with  loss  of  w^c^t, 
malaise,  constipation,  and  chronic  cooglL  Physical  examination  Janu- 
ary 17,  1920,  showed  pallor,  loss  al  weii^t,  and  djrspnoea.  Cervical  and 
axillary  glands  were  palpable.  Liver  and  spleen  were  enlarged.  R.  B.  C. 
1,400,000;  Hb  24%;  W.  B.  C.  840.  Ninety  per  cent  of  the  white  cells  were 
"  smudges."  Of  those  remaining,  P.  M.  N.  =  40%;  S.  M.  =  30%;  T.  =  80%. 
Platelets  decreased.  Urine  examination  negativa  Tubercle  bacilli  were 
found  in  the  qputum.  The  patient  received  many  transfusions  to  raise  his 
blood  count  By  April  1  lung  signs  became  prominent  anemia  progressed, 
and  his  general  condition  became  worse.  On  April  22  four  teeth  were 
extracted.  A  few  days  previous  to  this  his  white  count  had  been  17,000, 
but  at  once  he  developed  a  septic  temperature,  great  numbers  of  staphy- 
lococci were  cultured  frcxn  his  blood,  and  his  white  count  went  up  rapidly 
until  the  day  before  his  death,  when  it  reached  42,000.  Clinical  impree- 
sion:   primary  iq^lastic  ansmia. 

Aut^^sy  6244.  Anatomical  DiagnofU. — Chronic  pulmonary  tuberculosis 
with  cavity  f<nination  and  pleurisy  with  effusion;  multiple  pulmonary 
abscesses;  oedema;  splenomegaly  and  enlarged  liver  with  lymphatic  infll- 
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trationB;  lymphatic  infiltrations  in  kidney,  bone  marrow,  and  retroperito- 
neal lymph  glands;  sti^hylococcus  septicemia;  infected  splenic  infarct  and 
subphrenic  abscess;  small  abscesses  in  liver  and  kidney;  acute  vegetatiye 
endocarditis,  et  cetera. 

Body:  Is  that  of  a  fairly  large  white  man  showing  evidence  of  loss  of 
weight  Cervical  and  axillary  glands  are  enlarged.  Liver  and  spleen 
extend  below  the  costal  margin.  Right  pleural  cavity  is  obliterated  by 
dense  fibrous  adhesions.  Heart:  Normal.  Lungs:  Tuberculous  with  cavi- 
ties and  effusion.  Spteen:  Weighs  1780  grams  and  shows  an  infected 
infarct  Mesenteric  lymph  glands:  Markedly  enlarged,  dark  red.  On  sec- 
tion yellow,  opaque  areas  suggest  caseation.  Gastrointestinal  tract: 
Normal.  Pancreas:  Weighs  200  grams.  lAver:  Weighs  3250  grams  and 
shows  hemorrhages  and  small  abscesses.  Adrenals:  Normal.  Kidneys: 
Show  abscesses.  Lymph  glands:  Retroperitoneal  glands  appear  similar  to 
mesenteric  glands;  others  only  slightly  enlarged.    Bone  marrow:  Red. 

Microscopical  Pathology, — Lungs  show  tubercles.  Spleen:  Infiltrated 
with  lymphocytes.  Mesenteric  glands:  Are  divided  by  fibrous  trabecule 
separating  homogeneous  masses  of  normal  or  slightly  enlarged  lympho- 
cytes. Hyperplastic  germinal  centers  and  dilated  sinuses.  Liver:  Peri- 
portal infiltrations  of  lymphoid  cells.  Numerous  necrotic  foci  and  small 
abscesses.  Kidneys:  Lymphocytic  infiltration  and  small  abscesses.  Bone 
marrow:  Infiltrated  with  lymphoid  cells.  No  normoblasts;  numerous 
phagocytes. 

Briefly,  a  middle  aged  man  with  various  foci  of  infection  develops 
suddenly,  after  his  blood-forming  apparatus  has  become  exhausted, 
a  tremendous  lymphocytosis  one  week  before  death.  At  autopsy  in- 
filtration of  parenchymatous  organs  and  bone  marrow  with  involve- 
ment of  deep  lymph  glands  is  noted.  Associated  with  these  findings 
are  evidences  of  a  generalized  infection.  The  large  size  of  the  liver 
and  spleen  would  indicate  that  the  lymphoid  infiltrations  had  been 
present  for  some  time.  Whether  the  patient  presented  while  in  the 
hospital  an  aleukemic  state  of  lymphoid  leukemia  stirred  up  shortly 
before  death,  or  whether  his  sudden  lymphocytosis  was  merely  a  re- 
sponse to  a  terminal  infection,  is  difficult  to  decide. 

Case  64. — Clarke  H.,  white,  male,  age  69.  For  the  past  40  years  the 
patient  has  noticed  slight  shortness  of  breath  following  an  attack  of  lead 
poisoning.  Morphinism  at  29,  stoi^ing  at  49.  Neisser  infection  at  19.  The 
present  illness  began  four  months  ago  with  a  tumor  mass  in  the  lower 
right  quadrant,  constipation,  loss  of  weight  and  strength.  General  swell- 
ing of  lymph  nodes  began  three  months  ago.  One  month  ago  a  lump  was 
felt  in  the  upper  abdomen.  Physical  examination,  December  14,  1917, 
revealed  general  glandular  enlargement,  enlarged  liver  and  spleen,  emacia- 
tion. Jaundice  and  ascites.    A  lymph  gland  removed  from  the  neck  was 
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diagnosed  as  lymphosarcoma.  Blood  examination  showed  a  slight  secoo- 
dary  anaemia,  W.  B.  C.  18,200,  P.  IL  N.  63%,  U  10%,  T.  2%,  smodges  25%. 
X-ray  showed  a  mass  in  the  mediastinom.  Wassermann  negative.  Another 
blood  count  December  17  repented  that  the  lymphocytes  appeared  patho- 
logical with  basi^hilic  and  vacuc^ted  cytoplasm  and  liu-ge  irregular 
nuclei    December  18  the  patient  died.    Duration  of  illness  five  months. 

Autopsy  6389.  Anatomical  Dioi^otit.— Aleutomic  lymphatic  leulcsmia 
with  general  involvement  d  lymphoid  tissue,  spleen,  kidneys  and  iq^pendiz. 

Body:  Is  that  of  an  emaciated  white  man  69  years  old.  Legs  and  ankles 
are  oedematous.  All  sup^Hcial  lymph  glands  are  markedly  enlarged.  On 
opening  the  thorax  the  anterior  mediastinum  is  occupied  by  a  mass  of 
enlarged  glands  which  are  firm  and  discrete  and  appear  white  and  translu- 
cent on  section.  The  axills  are  full  of  similar  appearing  glands.  On  opoi- 
ing  the  peritoneal  cavity  a  considerable  amount  of  straw-colored  fluid  is 
seen.  The  liver  extends  well  below  the  umbilicus.  The  qpleen  is  also 
greatly  enlarged  and  is  visible  below  the  left  border  of  the  liver.  Beneath 
the  intestines  is  a  large  mass  of  glands.  Similar  nodules  about  the  size 
of  almonds  are  scattered  through  the  mesentery.  Heart  and  Inngi:  Negar 
tive.  Spleen:  Weighs  1680  grama.  It  is  flrm,  gray  in  color  and  on  section 
shows  numerous  white  translucent  areas  scattered  about  amongst  the  Ma^ 
pighian  bodies.  Liver:  Weighs  5040  grams,  is  extremely  large  and  firm. 
The  cut  surface  shows  diffuse  irregular  translucent  patches  between  inooo- 
spicuous  strands  of  pale  brown  tissue.  Kidney $:  Weigh  160  grams  each. 
The  capsules  strip  easily,  leaving  a  smooth  red-brown  surface  in  which  one 
or  two  yellowish  opaque  nodules  are  noted.  Intestinet:  Show  hyperplasia 
of  Peyer's  patches.  The  mesenteric  glands  are  everywhere  enlarged  and 
are  of  the  same  appearance  as  the  other  lymph  glands. 

Microscopical  Pathology, — Gland:  Sections  show  a  homogeneous  mass  of 
cells  devoid  of  architecture.  The  capsule  is  not  invaded,  sinuses  are  in- 
deflnite,  and  the  germinal  centers  are  not  seen.  Due  to  amoebc^d  activity, 
cells  are  extremely  irregular  in  size,  6-12Ai,  and  shape.  Sometimes  the 
nucleus  is  spindle  formed,  sometimes  round,  sometimes  polymorphous. 
It  is  always  vesicular  and  contains  a  few  coarse  chriunatin  granules. 
Mitotic  figures  are  numerous.  Normal  lymphocjrtes  are  scattered  about 
inconspicuously.  Spleen:  Shows  about  the  Malpighian  bodies  and  dis- 
seminated throughout  the  pulp  cells  lymphoid  infiltration  similar  to  that 
described  above.  Liver:  Collections  of  these  same  cells  are  massed  about 
the  portal  areas  and  are  wandering  between  the  h^atic  cells  of  the  lobules. 
Mitoses  are  frequent  Kidneys:  A  large  sharply  outlined  nodule  of  in- 
filtrating cells  is  seen  in  the  cortex.  Intestines:  Lymphoid  follicles  are 
enlarged  by  collections  of  lymphoid  cells  quite  similar  to  those  seen  in  the 
other  organs. 

Briefly,  a  white  male,  69  years  old,  comes  to  the  hospital  with  en- 
larged inguinal  glands  which  had  been  growing  for  four  months. 
Physical  examination  December   14,  1917,  revealed  a  general  glandu- 
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lar  enlargement,  enlarged  liver  and  spleen.  Blood  count  reports 
W.B.C.  18,200,  with  P.M.N.  6Zjl,  L.  10}<,  smudges  25j<.  The 
lymphocytes  appeared  pathological.  Autopsy  revealed  a  general 
glandular  enlargement,  infiltration  of  parenchymatous  organs,  but 
no  invasive  tumor.  The  predominating  lymphoid  cell  appears  ex- 
tremely amoeboid.  This  case  might  be  classed  as  an  aleuksemic  state 
of  lymphatic  leukaemia. 

Case  65.— White*  male,  age  46.  Three  years  before  admission  the  patient 
noticed  a  vesicular  eruption  over  the  face  which  soon  disappeared.  One 
year  ago  weakness.  Jaundice,  and  loss  of  weight  became  marked.  Physical 
examination  March  22, 1919,  showed  W.  B.  C.  4,800  with  90%  lymphocytes. 
The  patient  grew  worse  and  died  April  6, 1919. 

Autopsy  5867.  Anatomical  Diaimotit.— Lymphatic  leukemia  with  In- 
volvement of  superficial  and  deep  glands,  spleen,  liver  and  bone  marrow; 
leukaemlc  ulcerative  colitis. 

This  case  with  its  atjrpical  blood  picture  might  well  be  classed  with 
aleukemic  leukaemia. 

Case  66.— White,  female,  age  19.  Autopsy  754.  Anatomical  diagnosis: 
Acute  leukemia;  swelling  of  spleen  and  deep  lymphatic  glands;  red  bone 
marrow;  bronchopneumonia;  cloudy  swelling  of  liver;  Infarcts  d  spleen 
and  kidneys;  swelling  of  Intestinal  follicles. 

The  cells,  lymphoid  In  type,  are  quite  regular,  averaging  8/i  In  diameter. 

Cask  67. — ^W.  M.,  age  65.  Two  weeks  before  death  extreme  pallor  was 
noted.  In  the  hospital  no  symptoms  or  signs  were  made  out  except  a 
marked  anemia  with  an  Increase  In  the  mononuclear  cells. 

Autopsy  1885.  Anatomical  Diaffnosis.—'Lymi^hBtic  leukemia;  broncho- 
pneumonia; cedema  of  the  lungs. 

Liver,  spleen  and  kidnevs  showed  no  lymphocytic  infiltration.  Lymph 
glands:  Are  only  slightly  enlarged.  Bone  marrow:  The  normal  hemo- 
poietic tissue  is  completely  replaced  by  a  homogeneous  mass  of  lyihphoid 
cells. 

This  case,  reported  elsewhere  by  Beed,  is  .an  example,  according  to 
her,  of  acute  leukemia  arising  in  the  bone  marrow  and  following  so 
rapid  a  course  that  the  parenchymatous  organs  and  lymph  glands  had 
not  yet  become  infiltrated. 

Cask  68.— White,  female,  age  23.  Autopsy  148.  Anatomicca  diagnosis: 
Lymphatic  leukemia  with  general  glandular  enlargem^it,  involvement  of 
parenchymatous  organs  and  gastro-lntestlnal  tract  and  bone  marrow. 
Congenital  syphilis  of  liver;  etc 

The  ceUs  are  regular,  lymphoid  type  and  average  8/i  in  diameter. 
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Case  69.— Black,  female,  age  40.  Aat(H>sy  608.  Anatomical  diagnosis: 
Lymphatic  leukaemia;  old  operative  wound;  multilocular  cysts  of  oTary 
(chloroform  death);  hydronephrosis  and  chronic  diCEuse  nephritis;  gall- 
stones. 

The  intestinal  follicles,  liver  and  spleen,  are  extensively  infiltrated.  The 
cells  are  lymphoid  in  type,  regular,  and  average  6/i  in  diameter. 

Case  70.— White,  male,  age  20.  Autopsy  1397.  Anatomical  di<ignosis: 
Blood  picture  at  lymphatio  leukaemia;  general  glandular  enlargement; 
splenic  tumor;  ansamic  infarction  of  spleen;  anaemia  of  all  viscera  and 
fatty  parenchymatous  degeneration;  lymphoid  bone  marrow;  enlarged  per- 
sistent thymus;  ascaris  lumbricoides. 

General  glandular  enlargement  is  marked  with  an  extensive  infiltration 
of  parenchymatous  organs,  bone  marrow,  heart  and  testes.  Cells  are  lym- 
phoid in  character,  regular,  averaging  ^n  in  diameter. 

Case  71.— White,  male,  age  64.  Autopsy  1471.  Anatomical  diagnosis: 
Lymphatic  leukaemia  with  enlargement  of  all  lymph  nodes;  infiltration  of 
parenchymatous  organs  and  bone  marrow  and  gastro-intestinal  tract 
Streptococcus  septicaemia. 

Cells  average  6fi  in  diameter  and  are  regular. 

Case  72. — ^Black,  female,  age  21.  Autopsy  2868.  Anatomical  diagnosis: 
General  anaemia;  general  glandular  enlargement;  pigmentation  of  spleen 
and  liver  with  hemorrhagic  areas  and  focal  necroses;  lymphoid  nodules  in 
kidneys;  hemorrhages  in  pericardium;  hyperplasia  of  bone  marrow;  re- 
cent pregnancy;  puerperal  uterus  with  remnant  of  placenta;  emphys^na- 
tous  and  gangrenous  vaginitis;  diphtheritic  and  hemorrhagic  cystitis; 
corpus  luteum  of  pregnancy;  cranial  exostoses  of  pregnancy;  hypertrophied 
breasts. 

This  case,  with  a  general  glandular  enlargement  and  infiltration  of 
parenchymatous  organs  and  bone  marrow,  shows  everywhere  Isrmphoid 
cells  regular  in  size  (6Ai)  and  shi4>e. 

Case  73. — ^White,  male,  age  49.  Autopsy  3680.  Anatomical  diagnosis: 
Lsrmphatic  leukaemia  with  extensive  involvement  of  sple^i,  mediastinal 
and  retn^erltoneal  glands,  liver  and  kidneys;  bilateral  hemorrhagic  effu- 
sion into  pleural  cavities;  lobar  pneumonia;  acute  fibrinous  pleurisy;  etc. 

This  case,  showing  general  glandular  enlargement,  involvem^it  of  par- 
enchymatous organs,  shows  cells  regular  in  size  (Qfi)  and  shape. 

Case  74.— White,  male,  age  2H.  Autopsy  4094.  Anatomical  diagnosis: 
Lymphatic  leukaemia;  fatty  degeneration  of  viscera;  hemorrhagic  necroses 
of  liver;  acute  myocarditis;  dilatation  of  heart;  acute  splenic  tumor. 

This  case,  with  general  glandular  enlargement,  involvement  of  paren- 
chymatous organs  and  bone  marrow,  shows  cells  regular  in  size  (6/i)  and 
shape. 
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Casb  75. — ^White,  male,  age  60.  Autopsy  4677.  Anatomical  diagnosis: 
Lymphatic  leukaemia  involving  lymph  glands  and  parenchymatous  organs; 
acute  necrotizing  and  ulcerative  colitis  (His  bacillus);  gastric  ulcer;  etc. 

This  case,  with  general  glandular  enlargement,  infiltration  of  paren- 
chymatous organs,  prostate  and  bone  marrow,  shows  cells  regular  in  size 
(6m)  and  shape. 

Case  76. — White,  male,  age  51.  Autopsy  4723.  Anatomical  diagnosis: 
Lymphatic  leuksemia  with  hyperplasia  of  spleen,  lymph  glands  and  bone 
marrow;  ansemia;  multiple  hemorrhages  into  lungs,  spleen  and  kid- 
neys; etc. 

This  case,  with  general  glandular  enlargement,  infiltration  of  parenchy- 
matous organs  and  bone  marrow,  shows  cells  regular  in  size  (6Ai)  and 
shape. 

Case  77. — ^Patrick  0*0.,  white,  male,  age  55.  Family  and  past  history 
unimportant  Present  illness  onset  seven  months  before  admission  with 
dyspnoea,  swelling  of  legs,  loss  of  weight,  and  nodules  in  the  inguinal  re- 
gion which  have  increased  in  size.  Physical  examination  March.  25,  1896, 
showed  a  large,  full  abdcHuen,  generalized  oedema,  and  enlargement  of 
superficial  lymph  glands  with  palpable  spleen  and  a  mass  in  the  region 
of  the  lumbar  glands.  Different  blood  counts  are  summarized  at  the  end 
of  the  history.  May  12,  discharged  after  having  developed  a  confiuent 
papular  eruption.  One  year  later  patient  was  admitted  again  with  in- 
creased dyspnoea,  oedema,  and  general  weakness.  The  lymph  glands  were 
larger  and  the  lumbar  tumors  were  more  noticeable.  December,  1898, 
patient  was  admitted  for  the  third  time  for  exacerbation  of  the  same 
symptoms.  February  1,  after  a  delirium  which  lasted  several  days  during 
a  terminal  pneumonia,  the  patient  died.  His  temperature  was  irregular 
with  a  final  rise. 
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Autopsy  1261.  Anatomical  Diagnosis. — ^Lymphatic  leukaemia  with  gen- 
eral hyperplasia  of  lymph  glands  and  inguinal  and  retroperitoneal  tumor 
formations;  infiltration  of  hepatic  vessels,  portal  and  hepatic  veins;  nodules 
in  spleen;  involvement  of  pancreas  and  lungs;  lymphoid  bone  marrow. 
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Body:  Is  that  of  an  emaciated  white  inaa«  166  cm.  long.  In  each  ingninal 
region  a  large  tumor  mass  (tf  nodular  character  is  seen,  oyer  whidi  the 
skin  is  tense  and  cyanotic.  The  tumors  extend  upward  toward  Poupart's 
ligament  and  are  continuous  with  masses  in  the  pelTic  and  abdominal 
cayities.  On  opening  the  peritoneal  cavity  the  intestinal  loops  are  dis- 
placed by  large  tumor  masses  within  the  peritoneal  cavity.  Tumors  on  the 
right  and  left  side  of  the  pelvis  come  together  and  push  the  Uadder  before 
them,  producing  a  funnel-shaped  opening  in  which  the  lower  part  of  the 
sigmoid  and  upper  part  of  the  rectum  are  lying.  The  mesentery  of  the 
small  intestine  is  shortened,  due  to  a  large  tumor  mass  which  is  pushing 
forward  from  behind.  Spleen:  Is  enlarged.  The  BCalpighian  bodies  are 
distinct  Liver:  Is  not  enlarged  and  shows  no  tumor  nodules.  Whitish 
accumulations  are  noted  in  the  periportal  area  following  the  portal  vein 
throughout  its  ramifications.  Kidneys:  Are  the  seat  of  a  marked  hydro- 
nephrosis. The  ureters  are  included  in  the  tumor  growth  from  the  lumbar 
region  to  the  pelvis.  Inguinai  tumors:  Measure  on  either  side  about 
40  X  30  X  30  cm.  They  are  developed  from  the  Inguinal  glands,  pass  directly 
into  the  large  tumors  of  the  pelvis  and  retroperitoneal  region  which  are 
themselves  composed  of  large  lymph  glands.  In  this  vicinity  thwe  is  an 
invasion  of  the  cellular  tissue  covering  the  ilia.  The  union  to  these  parts 
makes  the  separation  of  the  tumor  difficult  This  mass  extends  upward 
to  include  the  peripancreatic  glands  and  preaortic  diain.  Bronchial 
glands:  Are  much  enlarged  and  pass  continually  into  the  large  glands  of 
the  neck.  Axillary  glands:  Enlarged.  8tomach  and  intestines:  Appar- 
ently normal.    Bone  marroto:  Hyperplastic. 

Microscopic  Pathology. — ^The  inguinal  and  retroperitoneal  tumors  are 
composed  of  solid  masses  of  lymphoid  cells  regular  in  size  (7^)  and  shc^. 
Parenchymatous  organs:  All  show  extensive  infiltration  of  a  similar  type 
of  cell.  Bone  marrow:  The  marrow  cells  are  completely  replaced  by  a 
homogeneous  mass  of  lymphoid  cells. 

Briefly,  a  white  man  aged  55  years,  came  to  the  hospital  March  25, 
1896,  with  a  seven  years'  history  of  dyspnoea,  oedema,  and  loss  of 
weight,  with  rapidly  growing  tumor  masses  in  the  inguinal  regions. 
General  glandular  enlargement  soon  became  marked.  During  three 
years  of  observation  the  W.  B.  C.  increased  from  24,000  to  112,000. 
Small  lymphocytes  were  relatively  constant  at  80  or  90  per  cent.  It 
was  during  the  last  month,  however,  that  the  W.  B.  C.  rose  from  33,000 
to  112,000  and  were  accompanied  by  an  enormous  increase  in  size  of 
the  inguinal  tumors.  At  autopsy  these  masses  were  seen  to  invade  skin, 
periglandular  tissue,  fascia  and  periosteum  covering  the  ilia,  retroperi- 
toneal tissues  and  pancreas.  A  general  glandular  enlargement  and  an 
infiltration  of  the  parenchymatous  organs  and  bone  marrow  were  also 
noted.    Everywhere  the  tumor  cells  were  of  the  lymphoid  type,  regular 
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and  similar  in  size,  shape  and  general  morphology.  So  one  might  re- 
gard this  case  first  as  doubtful^  later  as  certain  chronic  lymphatic 
leuksemia^  terminating  with  local  invasive  tumor  masses. 


CHART  NO.  6.— SUMMARY  OP  LYBIPHATIC  LEUKEMIA 

Cut. 

Sin  of 

MIL 

O.O.B. 

Pano.org. 

Bon.nurr. 

Othtr  org. 

Blood. 

Tumor. 

68 

«M 

Deep 

+ 

+ 

0 

+  (terminal) 

0 

64 

«M 

+ 

+ 

t 

0 

± 

0 

66 

6m 

+ 

+ 

+ 

Intestine 

± 

0 

66 

8m 

Deep 

+ 

+ 

0 

+ 

0 

67 

8m 

Deep 

+ 

+ 

0 

+ 

0 

68 

8m 

+ 

+ 

+ 

Intestine 

+ 

0 

60 

6m 

+ 

+ 

t 

Intestine 

+ 

0 

70 

6m 

+ 

+ 

+ 

Heart 

+ 

0 

71 

6m 

+ 

+ 

+ 

0 

+ 

0 

72 

6m 

+ 

+ 

0 

+ 

0 

73 

6m 

+ 

+ 

• 

0 

+ 

0 

74 

«M 

+ 

+ 

+ 

0 

+ 

0 

76 

6m 

+ 

+ 

+ 

Prostate 

+ 

0 

76 

6m 

+ 

+ 

+ 

0 

+ 

0 

77 

6m 

+ 

+ 

+ 

0 

+ 

+ 

Cases  63y  64^  65^  showed  at  autopsy  hyperplastic  changes  in  the 
lymphoid  tissue.  Clinically,  however,  the  blood  coidd  not  definitely 
be  termed  leuksemic  although  the  morphology  and  relative  number  of 
Ijrmphocytes  were  altered.  An  excellent  discussion  of  similar  cases  by 
Fraenkel  and  Sternberg  may  be  found  in  the  Proceedings  of  the  German 
Pathological  Society  for  1912.  The  society  recognized  the  intimate 
relationship  between  such  "  pseudo-leukaemic '^  cases  and  true  lym- 
phatic leukaemia,  mentioned  examples  where  the  one  had  progressed 
into  the  other,  referred  to  cases  where  at  autopsy  the  two  conditions 
were  indistinguishable,  and  concluded  that  the  term  ^^pseudo-leukae- 
mia ''  was  superfluous  and  should  be  abandoned.  Cases  66  and  67,  with 
leukaemic  blood  pictures,  showed  at  autopsy  infiltration  of  the  paren- 
chymatous organs  and  bone  marrow.  But  lymphoid  hyperplasia  was 
confined  to  mesenteric  and  retroperitoneal  glands.  Cases  68  to  77, 
with  leuksemic  blood,  general  hyperplasia  of  lymphoid  tissue,  and  in- 
filtration of  parenchymatous  organs  and  bone  marrow,  are  quite  lypical. 
Case  77,  observed  for  over  three  years,  gradually  developed  large  in- 
vasive tumor  masses  of  the  inguinal  and  retroperitoneal  glands. 
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Hodokin's  Disease 

For  a  thorough  and  complete  account  of  this  condition  refer  to 
Ziegler,  Die  Hodgkinsche  Krankheit,  It  will  be  suflBcient  for  me  to 
describe  and  group  11  cases  taken  from  the  autopsy  records  of  The 
Johns  Hopkins  Hospital. 

Casb  78. — ^Wblte,  male,  age  55.  Autopsy  492.  Anatomical  diagnosis: 
Hodgkin'8  disease  involving  aziUary,  supraclavicular,  retroperitoneal  and 
inguinal  glands,  spleen  and  liver;  rupia  on  left  arm;  streptococcus  septi- 
csemia. 

Microscopic  Pathology, -—Qland:  Sinuses  and  germinal  centers  obliter- 
ated; lymphocytes  greatly  reduced;  striking  increase  in  connective  tissue 
stroma.  Endothelioid  cells  and  giant  cells  numerous.  Few  eoeinophiles. 
lAver:  Sections  show  islands  of  typical  Hodgkin's  tissue.  Bpleen:  Shows 
infiltration  with  Hodgkin's  tissue. 

Case  79.— White,  male,  age  27.  Autopsy  566.  Anatomical  diagnosis: 
Hodgkin's  disease;  general  glandular  enlargement;  nodules  in  spleen  and 
liver;  jaundice,  ascites,  hydrothorax. 

Microscopic  Pathology. — (Hand:  Sinuses  and  germinal  centers  obliter- 
ated; lymphocytes  markedly  reduced;  connective  tissue  increased;  endo- 
thelioid and  giant  cells  very  numerous;  no  eosinophiles.  Liver:  Areas  of 
typical  Hodgkin's  tissue  are  seen. 

Case  80. — ^White,  female,  age  32.  Autopsy  741.  Anatomical  diagnosis: 
Hodgkin's  disease;  with  general  glandular  enlargement  and  involvement 
of  liver  and  spleen;  cirrhosis  of  liver;  etc. 

Microscopic  Pathology, — Ol<md:  Sinuses  and  germinal  centers  obliter- 
ated. Great  reduction  of  lymphocytes  and  increase  in  connective  tissue. 
EiUdothelioid  cells  and  giant  cells  numerous.  No  eosinc^hiles.  Liver: 
Shows  similar  collections  of  cells  near  the  portal  areas. 

Case  81. — ^Black,  female,  age  25.  Autopsy  3032.  Anatomical  diagnosis: 
Hodgkin's  disease;  general  glandular  enlargement;  nodules  in  lungs, 
spleen  and  liver;  pressur^e  on  trachea,  aorta»  oesophagus  and  lungs;  dila- 
tation and  hypertrophy  of  right  ventricle;  chronic  passive  congestion  of 
lungs,  liver  and  kidneys;  anasarca;  ascites;  hydrothorax;  hydropericar- 
dium;  ulceration  of  larynx  and  stomach. 

Microscopic  Pathology, — Gland:  Germinal  centers  and  sinuses  oUiter- 
ated;  great  reduction  of  Ijrmphocytes  and  increase  in  connective  tissue; 
endothelioid  cells  and  giant  cells  very  numerous;  no  eosinophiles.  Bpleen 
and  liver:  Show  similar  infiltrations. 

Case  82. — ^White,  male,  age  12.  Autopsy  1658.  Anatomical  diagnosis: 
Hodgkin's  disease  involving  all  glands;  infiltration  of  spleen,  livtf  and 
pericardium.  Tuberculosis  of  lymph  glands,  spleen  and  liver;  miliary 
tuberculosis  of  kidneys  and  lungs;  tuberculous  ulcers  in  larynx  and  in- 
testines. 
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Microscopic  Pathology. ^Oland:  Germinal  centers  and  sinuses  obliter- 
ated; lymphocTtes  reduced;  connective  tissue  stroma  greatly  increased; 
endothelloid  cells  and  giant  cells  very  numerous;  no  eoeinophiles.  Tuber^ 
cles  are  seen.  Other  organs:  Show  infiltrations  similar  to  those  described 
above  and  tuberculous  lesions. 

Cabb  83.— White,  male,  age  18.  Autopsy  3146.  Anatomical  diagnosis: 
Hodgkin's  disease;  involvement  of  all  lymph  glands,  spleen  and  liver; 
chronic  passive  congestion  of  viscera;  tuberculosis  of  lungs  and  liver. 

Microscopic  PatJiology.'-Oland:  Germinal  centers  and  sinuses  are  dis- 
tinguishable; lymphocytes  are  somewhat  reduced.  Ccmnective  tissue 
stroma  is  increased;  endothelloid  cells  and  giant  ^ells  are  numerous;  many 
eoeinophiles.    Liver:  Shows  tubercles. 

Case  84. — ^White,  female,  age  55.  Autopsy  1375.  Anatomical  diagnosis: 
Hodgkin's  disease;  general  glandular  enlargement  with  invasion  of  cer- 
vical tissues;  nodules  in  anterior  and  posterior  mediastinum  compressing 
trachea,  oesophagus,  etc;  nodules  in  liver  and  spleen;  cirrhosis  of  liver; 
chronic  nephritis;  eta 

Microscopic  Pathology .--Olands :  Sinuses  and  germinal  centers  are  ob- 
literated. Lymphocytes  are  greatly  reduced  and  connective  tissue  stroma 
is  abundant  Many  endothelloid  and  giant  cells;  no  eosinophiles.  Spleen 
and  liver:  Show  similar  accumulations. 

Case  85. — (This  case  is  reported  in  detail  by  Longcope.)  Autopsy  2220. 
Anatomical  diagnosis:  Hodgkin's  disease;  general  glandular  enlargement; 
invasion  of  anterior  mediastinum,  trachea,  and  both  lungs;  inv<dvement 
of  spleen. 

Microscopic  Pathology  J — Gland:  Germinal  centers  and  sinuses  obliter- 
ated; lymphocjrtes  reduced;  connective  tissue  stroma  markedly  increased; 
endothelloid  cells  and  giant  cells  very  numerous.    Few  eosinophiles. 

Case  86. — ^Black,  male,  age  15.  Autopsy  2351.  Anatomical  diagnosis: 
Hodgkin's  disease;  general  involvement  of  lymph  glands  with  invasion  of 
chest;  nodules  in  liver,  spleen  and  lungs. 

Microscopical  Pathology. — Oland:  Germinal  centers  and  sinuses  obliter- 
ated. Lymphocytes  reduced;  connective  tissue  greatly  increased;  endo- 
thelloid cells  and  giant  cells  are  numerous.    Few  eosinophiles. 

The  nine  cases  described  are  typical  examples  of  Hodgkin's  disease. 
They  all  present  a  general  glandular  enlargement  with  involvement  of 
liver  and  spleen.  Tuberculosis  was  present  in  two  eases;  three  cases 
showed  invasive  tumor  masses  associated  with  the  mediastinal  or  cervi- 
cal glands. 

Microscopically,  (1)  obliteration  of  normal  architecture,  (2)  ap- 
pearance of  lymphoid  cells,  (3)  decrease  in  normal  lymphocytes,  (4) 
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increase  in  sixoma  (5)  and  diffuse  endothelioid  hyperplasia^  with  large 
irregular  mononuclear  and  giant  ceUs^  were  constant  (6)  Eosinophiles 
were  present  in  three  cases. 

CHART  NO.  «.— SUMMARY  OP  TYPICAL  HODOKIN'S  CASES 
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Three  atypical  cases  subjected  to  radium,  difficult  to  classify,  will 
be  described* 

Casb  87.^Smith  N.,  white,  male,  age  66.  Family  and  past  historj 
negative  except  for  attacks  of  hematemesis  18  years  ago  which  persisted 
irregularly  for  nearly  a  year.  At  this  time  he  lost  weight  and  deyeloped  a 
scaly  itching  eruption  which  appeared  on  the  arma  It  recurred  each 
September,  usually  disi^pearing  in  ccdd  weather.  Howerer,  he  has  had  no 
recurrence  of  the  hematemesis.  Present  illness  began  three  weeks  before 
admission  with  dysuria,  swollen  cervical  lymph  glands  and  irregular  fever. 
Physical  examination,  November  80,  1914,  showed  a  generalised  scarla* 
tinaform  eruption  with  scaly  epidermis.  Cervical  glands  were  very  large. 
Alsa  there  was  a  general  glandular  enlargement  Livw  and  spleen  were  pal* 
pable.  Wassermann  negative.  Bxamination  of  blood:  Hb  90%,  W.  B.  C. 
10,000  with  lymphocytes  8%  and  eosinoiAlles  83%,  P.  M.  N.  =  62%.  An 
excised  lymph  gland  was  diagnosed  Hodgkin's  disease.  X-ray  therapy 
was  instituted,  but  the  patient  became  much  worse,  and  spleen  and  liver 
enlarged.  Bxamination  of  blood  shortly  before  death  showed  Hb  91%, 
W.  B.  a  12,800,  P.  Bl  N.  78%,  P.  M.  B.  1%,  lymph.  18%,  T.  11%. 

Autc^sy  4245.  Anatomical  DiagnaiU. — ^Hodgkin's  disease  with  general 
glandular  enlargement,  extraisive  involvement  of  solitary  follicles  of  the 
intestine,  liver  and  spleen;  hypertrophy  of  the  prostate;  etc 

Body:  Is  that  of  an  emaciated  white  man.  Heart  and  lungs:  NormaL 
Spleen:  Weighs  900  grams.  The  parenchyma  is  reddish  brown.  Liver: 
Weighs  2600  grams,  is  mottled  and  shows  numerous  grayish  nodules  scat- 
tered throughout  the  parenchyma.   Intestines:  The  solitary  follicles  of  the 
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large  intestine  are  markedly  enlarged.  Lymph  glands:  There  is  a  general 
glandular  enlargement,  but  each,  gland  is  discrete,  definitely  encapsulated, 
soft,  Juicy  and  mottled,  appearing  red  with  opaque  background. 

Microscopic  Pathology. — Gland:  Appears  as  a  homogeneous  tumor  mass. 
The  predominating  cell  is  spread  evenly  throughout,  invading  capsular 
Ijrmphatics,  sinuses,  occupying  diffusely  cortex  and  medulla  of  the  gland. 
No  germinal  centers  are  seen.  These  cells  are  irregular  in  size  (6-12/*) 
and  shape.  Nuclei  are  quite  vesicular  with  coarse  chromatin  grannies. 
Mitoses  are  very  frequent  Larger  endothelloid  cells,  oiten  phagocytic,  are 
scattered  diffusely  amongst  the  lymphoid  cells.  Many  of  these  cells  possess 
two  or  three  nuclei  Normal  lymphocytes  are  greatly  reduced  in  number; 
many  of  them  show  pycnotic  and  fragmented  nuclei.  Spleen:  Cdls  similar 
to  those  described  above  surround  arterioles  and  are  scattered  uniformly 
throughout  the  pulp.  The  giant  cells  and  phagocytic  forms  are  numerous. 
Liver  and  kidney:  Show  similar  infiltrations. 

Briefly^  the  patient^  a  white  man  66  years  old,  came  to  the  hospital 
with  enlarged  cervical  glands  which  had  begun  to  swell  three  weeks 
before  admission.  Physical  examination,  November  30,  1914,  showed 
a  general  glandular  enlargement  and  enlarged  liver.  Blood  examina- 
tion showed  an  eosinophilia  of  33  per  cent.  An  excised  gland  was 
diagnosed  Hodgkin's  disease.  After  two  weeks'  treatment  with  X-ray, 
the  eosinophiles  dropped  to  1  per  cent,  liver  and  spleen  increased  in 
size,  and  the  patient's  condition  continued  worse  until  his  death  five 
weeks  after  onset.  Autopsy  revealed  a  general  glandular  enlargement, 
infiltration  of  spleen  and  liver,  but  no  invasive  tumor.  Microscopically, 
an  irregular  lymphoid  cell  is  conspicuous.  Many  are  undergoing  de- 
generation; many  are  being  phagocytized.  Endothelioid  cells  of  all 
sizes,  irregular  in  outline,  are  numerous;  many  giant  cells  and  phago- 
cytic cells  are  seen. 

Cabb  88.—- Charles  G.,  white,  male,  age  28.  Family  and  past  history 
are  unimportant  Present  illness  began  June  13,  1913,  with  a  smaU  lump 
on  the  left  side  of  neck.  Six  months  later  glands  began  to  enlarge  on  both 
sides  of  the  neck  and  in  axilln.  Physical  examination  May  1, 1914,  showed 
a  general  glandular  enlargement  associated  with  loss  of  weight  Liver 
and  spleen  were  not  palpable.  Blood  examination  practically  normal. 
Wass^rmann  negative.  Gland  removed  from  neck  was  diagnosed  Hodg- 
kin's  disease.  After  one  month  of  radium  treatment  all  glands  increased 
markedly  in  size  and  the  patient  died  June  7,  with  respiratory  ssrmptoms. 

Autopsy  4141.  Anatomical  Diagnosis.-^Hodgkin'n  disease  with  involve- 
ment of  spleen  and  all  lymph  glands.  (Edema  of  left  upper  extremity. 
Pleural  and  peritoneal  efTusions;  atelectasis;  congestion  and  cedema  of 
lungs;  fibrous  pleural  adhesions. 

Body:  Is  that  of  an  emaciated  white  man.  Superficial  veins  over  chest 
and  shoulders  are  markedly  swoUen.    Tumor  mass  involves  right  and  left 
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Bides  of  neck,  inyadee  the  poeterior  phjurynx  and  boae  of  tongue.  The 
meeenterio  and  retroperitoneal  glands  are  enlarged.  A  mass  of  tomor 
tissue  surrounds  the  pancreas  and  each  kidnejr.  The  mediastinum  is 
packed  with  huge  glands  continuous  with  those  in  the  ahdomen.  Axiilary 
and  inguinal  glands  are  enlarged.  The  peritoneal  and  pleural  cavities 
contain  a  quantity  of  thick  creamy  fluid  which  does  not  have  the  odor  or 
appearance  of  pus.  Heart:  Normal.  Lungs :  In  the  upper  left  lung  is 
seen  an  inrasion  of  the  tumor  mass.  Spleen:  Weighs  2S0  grams  and  shows 
on  section  numerous  small  white  nodules  scattered  diffusely  throu^out 
the  organ.  Stomach:  Shows  great  enlargement  of  lymph  nodules  beneath 
the  mucosa  and  enlargement  of  the  gastric  lymph  glands.  Pancreas:  Is 
oisheathed  by  tumor  tissue.  lAver:  Weighs  1850  grams  and  shows  on 
section  normal  architecture.  Kidneys:  Weigh  160  grams  each,  appear 
pale  and  show  a  f^w  small  nodules.  Pelvic  organs:  Negatire.  Neck  organs: 
Show  great  enlargement  of  all  the  glands.  The  thyroid  is  infiltrated  by 
tumor  masses.    Intestines:  Show  hypertrophy  of  the  lymphoid  follicles. 

Microscopic  Pathology.'-Oland  (removed  before  radium  treatment): 
Appears  as  a  homogeneous  cellular  mass  with  no  sinuses,  no  germinal 
centers,  no  separation  into  cortex  and  medulla.  Lymphocytes,  although 
normal  in  appearance,  are  reduced  in  number.  Instead,  one  sees  many 
larger  mononuclear  cells,  amoeboid,  with  vesicular  nuclei.  Endothelioid  cells, 
12-14m  in  diameter,  with  large,  irregular  vesicular  nuclei,  are  scattered 
thickly  throughout  the  section.  Many  contain  two  or  three  large  nuclei 
Bosinophiles  are  numerous.  Reticular  cells  and  connective  tissue  trabecu- 
le are  not  especially  prominent  Tumor:  Is  composed  of  a  solid  mass 
of  cells  supported  by  delicate  reticulum,  few  blood  vessels  and  fibrous 
trabecule.  The  cells  are  very  striking.  They  measure  from  0-12m  in 
diameter  and  are  probably  amoeboid  because  of  their  irregularity  in  out- 
line. Cytoplasm  is  quite  prominent  Nuclei  are  vesicular,  contain  coarse 
chromatin  granules  and  often  show  mitotic  figures.  Frequently,  these 
cells  have  two  or  three  nudeL  Many  of  them  are  phagocytic,  containing 
in  their  swollen  cytoplasm  fragments  of  lymphocytes.  Spleen:  Shows 
similar  infiltrating  cells.  Liver  and  kidney:  Sections  show  no  infil- 
trations. 

Briefly,  a  white  male,  aged  28  years,  came  to  the  hospital  with  a 
history  of  general  glandular  enlargement  beginning  one  year  before 
admission.  Physical  examination,  May  I,  1914,  showed,  besides  en- 
largement of  all  superficial  glands,  an  increase  in  P.  M.  N.  count  to 
79  per  cent,  with  reduction  of  lymphocytes  to  2  per  cent.  After  three 
weeks  of  radium  treatment  the  glands  had  increased  in  size,  respiratory 
diflSculty  had  become  pronounced  and  the  patient  died.  Autopsy  re- 
vealed a  tumor  of  the  cervical  glands  invading  the  pharynx,  general 
glandular  enlargement,  and  infiltration  of  the  spleen.    Again,  as  in 
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the  previous  case  the  predominating  cell  is  apparently  of  lymphoid 
type  but  irregular  endothelioid  cells  and  giant  cells  are  very  numerous. 

Casi  89. — Sarah  M.,  white,  female,  age  45.  Family  and  past  hist^Hy  are 
negativa  Her  general  health  had  been  excellent  until  sixteen  dajrs  before 
her  death,  when  she  developed,  suddenly,  chills  and  fever  which  persisted 
throughout  the  course  of  her  acute  illness.  The  onset  was  associated  with 
a  general  glandular  enlargement  and  a  cutaneous  skin  eruption.  Physical 
examination  showed  a  marked  leukocytosis  with  50%  eosinophiles.  During 
the  last  week  of  her  life  an  anoemia  became  marked,  pneumonia  developed 
associated  with  an  increase  in  polsrmorphs  to  76%. 

Autopsy  6036.  Anatomical  Diagnosis. — Hodgkin's  disease;  general  glan- 
dular enlargement;  splenomegaly;  nodules  in  lungs,  liver  and  kidneys; 
eczema;  acute  catarrhal  bronchitis;  hydrothorax;  pleural  adhesions. 

Microscopic  Pathology* — Gland:  Sinuses  and  germinal  centers  are  prac- 
tically obliterated.  The  stroma  extends  as  diffuse,  inconspicuous,  spindle 
c^ls  throughout  the  gland  substance.  The  cells  are  scnnewhat  reduced 
in  number;  different  types  are  noted.  Normal  lymphocytes  are  not  fre- 
quent, but  many  larger  lymphoid  cells  are  present.  Large  irregular  endo- 
thelioid cells,  some  phagocytic,  others  containing  two  or  three  nuclei,  are 
conspicuous.    Spleen^  liver  and  kidneys:  Show  similar  inllltrations. 

Briefly^  a  white  woman^  aged  45  years,  came  into  the  hospital  with 
a  two  weeks'  history  of  chills  and  fever,  general  glandular  enlargement, 
and  a  morbilliform  cutaneous  eruption.  Examination  showed,  besides, 
a  severe  bronchitis  and  a  marked  leukocytosis  with  50  per  cent  eosino- 
philes. As  the  pulmonary  condition  progressed,  the  eosinophiles 
dropped  and  the  P.  M*  N".  rose  to  76  per  cent.  At  autopsy  a  general 
glandular  enlargement  with  infiltration  of  the  parenchymatous  organs 
was  noted.  Lymphoid  ceUs  predominate;  irregular  endothelioid  cells 
with  large  nuclei  are  scattered  about  conspicuously.  Some  are  phago- 
cytic; some  are  multinucleated. 


CHART  NO. 

7.— SUMMARY  OP  ATYPICAL  HODGKIN'S  CASBS 
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In  these  acute  cases  the  lymphoid  cells  predominate.  The  total 
number  of  cells  is  not  decreased,  the  stroma  is  not  conspicuous.  A 
few  endothelioid  cells,  giant  cells  and  phagocytes  are  noted. 
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CLnaCAL  CASES 

From  the  clinical  BtandpcHiit  the  same  questions  of  interest  in  lympho- 
sarcoma apply  to  Hodgkin's  disease.  Thirty-three  cases  will  be  de- 
scribed. 

Case  90. — Y.,  white,  male,  age  17.  8.  P.  25650.  Qenoral  tfandnlar  enlarge- 
ment one  year.  Operatton,  remoral  of  gland  for  diagnoeia.  Miero$c(>pie 
ttudy:  Morphology  oMiterated;  areas  of  necrosla;  stroma  increased;  total 
nomber  of  cells  rednoed.  Normal  lymirtiocytee  redoeed;  many  lymphoid 
cells.  Diffuse  scattering  of  large  endotbeUoid  c^Ib;  few  giant  cells.  Many 
eoainophilea. 

Cass  91.— C.  S.  P.  25537.  Enlarged  cenrical  glands.  Operation,  remonJ 
of  ^and  for  diagnosis.  Micro9C09ic  ttudy:  Morphology  ohliterated;  stroma 
not  increased;  cells  not  reduced;  dumps  of  normal  lymphocytes  near  cap- 
sule; many  lymphoid  cells.  Few  large  endothelioid  cells  with  proninent 
nudel;  few  giant  cells.    Few  eoeinc^ihiles. 

Cass  92.— C.  a  P.  25528.  Micro$copio  9t%dy:  Morphology  otlitamted; 
stroma  not  increased;  cells  not  reduced.  Many  normal  lymphocytes;  many 
lymphoid  cells.  Few  large  endothelioid  ceDs;  few  giant  c^ls.  Very  many 
eoslnoidiilea. 

Casi  93.— M.  a  P.  25119.  Dead.  Microscopic  study  of  gland:  Mor- 
phology oMiterated;  stroma  somewhat  increased;  c^ls  not  reduced  in 
number.  Normal  lymphocytes  erident;  many  larger  lymphoid  cells;  many 
lymphocytes  undergoing  disintegration;  few  large  endothelioid  cells;  few 
giant  cells.    Few  eosinophiles.    Many  phagocytic  wandering  cells. 

Cass  94.— a  S.  P.  24643.  Dead.  Microscopic  study  of  gland:  Mor- 
phology obliterated;  stroma  somewhat  increased;  cells  somewhat  reduced. 
Lymphocytes  in  clumps;  many  lymphoid  cells;  many  lymphocytes  under- 
going disintegration.  Many  endothelioid  cells;  few  giant  o^ls.  Many 
eosinophiles.    Many  phagocjrtlc  wandering  cells. 

Casi  95.— S.,  white,  female,  age  20.  S.  P.  24560.  2>eod.  ificro^oopic 
study  of  gland:  Morphology  obliterated;  great  increase  of  stroma;  fibrosis; 
cells  somewhat  reduced.  Few  lymphoid  cells.  Many  large  endoth^iold 
cells;  very  many  large  giant  cells  (6-8  nuclei);  remarkable  eosinophilic 
infiltration. 

Cass  96.— R,  white,  fanale,  age  27.  S.  P.  24457.  Microscopic  study  of 
gland:  Morphology  oMiterated;  great  increase  in  stroma;  filHrosis;  areas 
of  necrosis;  reduction  of  cells.  A  few  lymphocytes  are  scattered  about; 
few  lymphoid  cells.  Many  large  endothelioid  cells;  many  giant  cells;  many 
eosinophiles. 

Cass  97.— H.,  white,  female.  S.  P.  24348.  In  1914  an  enlarged  lymph 
gland  of  the  neck  was  removed  and  diagnosed  tuberculosis.  In  1919  a 
cervical  gland  from  a  large  mass  in  the  neck  was  removed.    The  patient 
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died  shortly  afterward.  Microscopic  study  of  gland:  Morphology  obliter- 
ated; increase  in  stn^na;  fibrosis;  areas  of  necrosis;  no  reduction  of  cells. 
Lymphocytes  conspicuoos;  few  Ijrmphoid  cells.  Few  large  endothelioid 
cells;  many  giant  cells.    Few  eosinophiles. 

Case  98. — ^B.,  white,  male,  age  37.  S.  P.  24223.  Dead,  Microscofdc  study 
of  gland:  Morphology  obliterated;  increase  in  stroma;  some  fibrosis;  no 
necrosis;  cells  reduced.  Few  lymphoid  cells.  Many  endothelioid  cells  and 
giant  cells.    Very  many  eosinophiles. 

Casb  99.— O.  S.  p.  24199.  Dead,  Microscopic  study  of  gland:  Mor- 
phology obliterated;  slight  increase  in  stroma;  cells  not  redaced  in  num- 
ber. Many  lymphoid  cells.  Many  large  endothelioid  cells;  many  giant 
cells.    No  eosinophiles. 

Case  100.— H.,  white,  male,  age  34.  S.  P.  24099.  Abdominal  tumors  and 
general  glandular  enlargement  one  year.  Microscopic  study  of  gland: 
Morphology  obliterated;  slight  increase  in  stroma;  cells  reduced  in  num- 
ber; few  lymphoid  cells.  Many  endothelioid  cells.  Few  giant  cells.  Many 
eosinophiles. 

Case  101.— F.  S.  P.  23514.  Dead,  Microscopic  study  of  gland:  Mor- 
phology obliterated;  increase  in  stroma;  cells  reduced  in  number.  Few 
lymphoid  cells;  many  endoth^ioid,  many  giant  cells.  Many  eosinophiles. 
Many  polymorphs. 

Case  102.— S.  S.  P.  23474.  Deadi,  Microscopic  study  of  gland:  Mor- 
phology obliterated;  almost  complete  fibrosis;  hyalinization;  few  cells 
remaining  in  dumps.  No  lymphocjrtes;  few  Ijrmphoid  cells.  Few  endo- 
thelioid cells;  few  giant  cells;  few  eosinophiles. 

Case  103.— D.  S.  P.  22801.  Dead,  Microscopic  study  of  gland:  Mor- 
phology obliterated;  no  necrosis;  increase  in  stroma;  cells  reduced  in 
number.  Lymphocytes  reduced;  numerous  lymphoid  cells.  Few  endo- 
thelioid cells.    Few  giant  cells.    Few  eosinophiles. 

Case  104.— D.,  white,  male,  age  21.  S.  P.  20984.  Dead.  Cervical  tumors 
six  years;  recurred  after  operation.  Duration  seven  years.  Microscopic 
study  of  gland:  Architecture  obliterated  except  for  a  few  crowded  germinal 
centers  and  clumps  of  lymphocytes  pushed  toward  the  periphery.  Stroma 
increased.  Predominating  cell  of  lymphoid  type;  few  normal  lymphocytes. 
Many  large  endothelioid  cells;  many  giant  cells.    Bfany  eosinophiles. 

Case  105.— C.  S.  P.  20923.  Microscopic  study  of  gland:  Morphology 
obliterated;  increase  in  stroma;  lymphoid  and  large  endothelioid  cells 
are  present  in  equal  numbers;  many  giant  cells  in  clumps.  Many 
eosinophiles. 

Case  106.— R  S.  P.  19279.  General  glandular  enlargement  Dead 
one  -f  years  after  onset  Microscopic  study  of  gland:  Morphology  obliter- 
ated; increase  in  connective  tissue;  no  decrease  in  number  of  cells.    Pre- 
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dominAtiim:  cell  of  iTmphotd  tjrpe.  BCany  nonnal  \jmphocyt&B  scattered 
aboat  Large  endothelloid  c^la  are  frequent  Few  giant  cells.  No 
eosinophllea. 

Casb  107.— W.  S.  p.  18046.  Symptoms  of  general  glandular  enlarge- 
ment Dead  two  years  after  onset  Micraecopic  study  of  gland:  Mot- 
phology  obliterated;  gland  reduced  to  fllMrosed,  hyaline  mass  with  few 
islands  of  cells.  No  necrosis.  Predominating  cell  of  lymphoid  type. 
Great  endothelial  hyperplasia  in  the  form  of  small  vessels;  few  large 
endothelioid  cells;  few  giant  cells.    No  eoeinophiles. 

Cass  108. — T.,  white,  male,  age  28.  8.  P.  16728.  Symptcmis  of  general 
glandular  enlargement  Dead  six  months  after  onset  Microscopic  study 
of  gland:  Morphology  obliterated;  increase  in  connectire  tissue;  cells 
reduced  in  number.  Lymphoid  and  endothelioid  cells  present  in  equal 
numbers.    Many  giant  cells;  no  eoeinophiles. 

Cass  109. — N.  B,  P.  16626.  ifiorotcopio  study  of  gland:  Morphology 
obliterated;  increase  in  connective  tissue  str(»na;  no  decrease  in  cells;  pre- 
dominating cell  of  lymphoid  type;  few  normal  lymphocsrtes;  few  large 
endothelioid  cells  and  giant  cells.  No  eoeinophiles.  Blany  fragmented 
nuclei;  some  phagocytes. 

Cass  110.— C.,  white,  male.  S.  P.  16427.  Enlarged  cervical  glands. 
Dead  four  years  after  onset  Microscopic  study  of  gland:  Morphology 
obliterated;  increase  in  stroma;  decrease  in  number  of  cells.  Lymphoid 
cells,  endothelioid  cells  and  reticulum  cells  are  present  in  equal  numbers. 
Numerous  giant  cells  and  eoeinophiles. 

Cabs  111.— R,  white,  male,  age  28.  S.  P.  15730.  Dead  two  years. 
Microscopic  study  of  gland:  Morphology  obliterated;  diffuse  increase  in 
stroma;  number  of  cells  somewhat  reduced;  few  Ijrmphoid  cells.  Strema 
cells  and  endothelioid  cells  are  present  in  equal  numbers.  Few  giant  cells. 
Many  eoeinophiles. 

Case  112. — T.,  black,  female,  age  35.  S.  P.  15205.  Enlarged  cervical 
glands  two  and  a  half  srears.  Microscopic  study  of  gtdnd:  Morphology 
obliterated  by  connective  tissue  which  leaves  clumps  of  cells  in  small 
islands  surrounded  by  connective  tissue  bands.  Fibroblasts  and  endo- 
thelioid cells  predominate;  few  lymphoid  cells;  few  lymphocytes;  few 
giant  cells. 

Case  113.— R.,  white,  female,  age  41.  S.  P.  14599.  Enlarged  cervical 
glands.  Dead  ten  months  after  onset  Microscopic  study  of  gland: 
Morphology  obliterated;  large  part  of  gland  is  fibrosed,  leaving  c^ls  in 
small  islands.  Predominating  cell  of  lymphoid  type;  few  normal  Ijrmph- 
ocytes.    Few  large  endothelioid  cells;  few  giant  cells.    Many  eoslnophiles. 

Cass  114. — ^P.,  black,  male,  age  13.  S.  P.  14899.  Microscopic  study  of 
gland:  Morphology  obliterated;  some  increase  in  stroma;  no  reduction  of 
cells.  Predominating  cell  of  lymphoid  type;  few  normal  lymphocytes.  Few 
large  endothelioid  cells,  giant  cells  and  eoslnophiles. 
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Casb  115. — ^B.,  White,  female,  age  19.  S.  P.  12743.  Enlarged  cervical 
glands.  Microscopic  study  of  gland:  Morphology  obliterated.  Connective 
tissne  bands  reduce  cells  to  small  islands.  Predominating  cell  of  lymphoid 
type.    Few  endothelioid  cells;  few  giant  cells.    No  eoeinophiles. 

Case  116. — ^L.,  white,  male,  age  28.  S.  P.  12389.  Symptoms  of  general 
glandular  enlargement  with  large  liver  and  spleen.  Microscopic  study  of 
gland:  Morphology  obliterated;  increase  in  connective  tissue  stroma. 
Predominating  cells  are  lymphoid  and  endothelioid  types.  Lymphocytes 
are  infiltrating  the  periglandular  tissue.    Few  giant  cells;  no  eoeinophiles. 

Case  117. — ^F.,  white,  female,  age  44.  S.  P.  11199.  Dead  one  year  after 
onset  Microscopic  study  of  gland:  Mori^ology  obliterated;  connective 
tissue  increased.  Large  numbers  of  polymorphs  throughout  the  gland. 
Few  Ijrmphold  cells  and  lymphocytes.  Moderate  number  of  endothelioid 
cells;  few  giant  cells  and  eosinophiles. 

Casb  118. — ^B.,  white,  female,  age  32.  S.  P.  10964.  Dead  two  +  years. 
Microscopic  study  of  gland:  Morphology  obliterated;  stroma  increased; 
cells  reduced.  Predominating  cell  of  lymphoid  type;  few  normal  lymph- 
ocytes. Many  oval  endothelial  cells  scattered  about  Few  irregular  endo- 
thelioid cells;  few  giant  cells;  few  eosinophiles. 

Case  119.— White,  male.  S.  P.  9622.  Dead  two  years.  Microscopic  study 
of  gland:  Morphology  obliterated;  stroma  increased  by  fibrous  bands  and 
by  profuse  reticular  cell  proliferation.  Reticulum  cells,  lymphoid,  and 
endothelioid  cells  are  present  in  about  equal  numbers.  Few  giant  cells; 
many  eosinophiles. 

Case  120.— White,  male,  age  63.  S.  P.  8322.  Symptoms  of  general 
glandular  enlargement  for  two  and  a  half  years.  Microscopic  study  of 
gland:  Morphology  obliterated;  diffuse  increase  in  stroma;  cells  reduced 
in  number.  Lymphoid,  reticulum,  and  endothelioid  cells  are  present  in 
equal  numbers. 

Case  121.^— S.,  white,  finale,  age  15.  S.  P.  9162.  1908  tonsillectomy  with 
excision  of  cervical  glands.  Diagnosed  at  that  time  tuberculosis  and 
Hodgkin's  disease.  Well  seven  years.  Microscopic  study  of  gland: 
Morphology  altered.  Few  germinal  centers  seen.  Caseated  areas  and 
typical  tubercles  are  noted;  one  or  two  tuberculous  giant  cells.  Remainder 
of  gland  shows  reduction  of  cells,  increased  stroma.  The  predominating 
cell  is  of  lymphoid  type.  Endothelioid  cells  are  numerous.  Few  giant 
cells  and  eoeinophiles. 

Case  122.— P.,  white,  male,  age  22.  S.  P.  17907.  1912,  diphtheria  and 
enlarged  cervical  glands.  1915,  glands  rei^^peared  after  tonsillectomy.  At 
this  time  a  cervical  gland  was  removed  for  diagnosis.  Well  eight  years. 
Microscopic  study:  Morphology  obliterated;  increase  in  coarse  connective 
tissue  trabecular;  cells  not  reduced  in  number.  Lymphoid  cells  predomi- 
nate; few  normal  lymphocytes.  Many  large  endothelioid  cells.  Few 
giant  cells.    No  eosinc^hiles. 
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Oasb  123.— O.,  white,  male,  age  55.  S.  P.  19156.  1914,  malaria  and 
enlarged  oenrical  glands.  Remoyal  of  gland  for  diagnosis,  1916.  Radium 
treatment  since  then.  Well  foor  and  a  half  years.  Microecopic  study  of 
gland:  Morphology  obliterated;  great  increase  in  stroma  and  connective 
tissue.  Normal  lymphocytes  predominate.  Few  scattered  endothelioid 
cells;  no  giant  cells.    No  eosinophiles. 


CHART  NO.  8.— SUMMART  OF  CUNICAL  CASES  OF  HODOKIN'S 
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Nineteen  cases  are  dead;  12  cases^  although  no  report  has  been 
received,  were  so  far  advanced  that  they  may  be  classed  with  the  fatali- 
ties, bringing  the  total  to  31.  Three  cases  are  living,  one  after  8  years, 
one  after  7  years,  and  one  after  4J  years. 

All  ages  are  affected;  the  course  may  be  acute  (6  months)  or  chronic 
(4^  years).    One  or  many  glands  may  be  affected. 

Of  the  31  fatal  cases,  (1)  the  normal  architecture  was  obliterated 
in  31  cases  (100j<).  (2)  The  stroma  was  definitely  increased  in  29 
cases  (93)^).  In  six  of  these,  dense  bands  of  connective  tissue  had  so 
far  replaced  the  pulp  that  the  cellular  elements  appeared  as  small 
isolated  nodules.  (3)  The  cells  were  reduced  in  number  in  22  cases 
(70}^).  (4)  The  number  of  normal  lymphocytes  was  diminished  in 
27  cases  (86)^).  (5)  Lymphoid  cells  larger  than  the  normal  lympho- 
cyte were  present  in  27  cases  (86j<).  (6)  Endothelioid  cells  with 
large  irregular  nuclei  containing  a  nucleolus  and  punctate  chromatin 
granules  were  conspicuous  in  31  cases  (lOOj^).  (7)  Endothelioid 
giant  cells  were  present  in  every  case  (100^).  (8)  Eosinophiles  were 
present  in  22  cases  (70^).  (9)  Lymphoid  ceUs  predominated  in  13 
cases  (40^)  ;  endothelioid  cells  in  7  cases  (23^) ;  and  in  11  cases  (36j^) 
lymphoid  and  endothelioid  cells  seemed  to  be  present  in  about  equal 
numbers. 

Of  the  three  living  cases,  (1)  Normal  architecture  was  obliterated 
in  two  cases.  (2)  Increase  in  stroma,  reduction  of  the  total  number  of 
cells  and  of  normal  lymphocytes  were  constant.  (3)  Larger  lymphoid 
cells,  always  predominating,  were  very  abundant  in  all  cases.  (4)  En- 
dothelial cells,  sometimes  oval,  lining  lymph  channels,  sometimes 
large  and  irregular,  were  evident.  (5)  Qiant  cells,  infrequent,  were 
present  in  two  cases.    (6)  No  eosinophiles  were  noted. 

The  31  fatal  cases  present,  therefore,  a  microscopical  picture  which 
may  be  readily  diagnosed.  Lymphoid  cells  with  little  stroma  are 
abundant  in  the  early  cases.  Stroma  increases,  cells  become  less 
numerous,  endothelioid  cells  become  more  conspicuous  as  the  process 
advances.  The  three  living  cases  do  not  seem  to  fall  into  this  group, 
but  resemble  the  four  cases  of  so-called  lymphosarcoma  which  are  still 
well.  In  all  of  these  cases  the  lymphoid  cell  was  the  most  conspicu- 
ous. The  fbtal  number  of  cells,  however,  was  decreased.  Irr^ular 
endothelioid  cells  and  giant  cells  were  infrequent;  eosinophiles  were 
not  noted. 
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Discussion 

From  the  foregoing  description  of  123  cases  it  seems  possible  to 
draw  a  number  of  interesting  observations. 

First  of  all  I  wish  to  emphasize  the  close  relationship  between  leuko- 
sarcoma,  lymphosarcoma^  and  lymphatic  leuksemia.  Three  lenkosar- 
coma  cases  studied  in  the  Johns  Hopkins  Department  of  Pathology 
presented  a  blood  picture  of  lymphatic  leuksemia,  general  involvement 
of  the  lymphatic  system^  infiltration  of  the  parenchymatous  organs 
and  bone  marrow  associated  with  an  invasive  mediastinal  tumor.  One 
case  beginning  as  a  localized  tumor  of  the  chest  developed  a  typical 
lymphatic  leukaemia  after  X-ray  treatment.  Qlands  enlarged  all  over 
the  body,  liver  and  spleen  descended  below  the  costal  margin.  The 
subsequent  findings  at  autopsy  were  similar  to  those  in  the  cases  men- 
tioned above.  It  seems  then,  that  leukosarcoma  combines  the  features 
of  Ijrmphosarcoma  and  Ijrmphatic  leukaemia  and  that  a  localized  lympho- 
sarcoma may  under  certain  conditions  become  generalized  and,  vnth 
a  blood  picture  of  lymphatic  leukaemia,  may  terminate  as  a  leuko- 
sarcoma. Very  important  in  this  connection  is  the  mode  of  spread  of 
the  lymphosarcoma  group.  From  charts  No.  2  and  3  it  seems  that 
lymphosarcoma,  regardless  of  its  primary  site,  extends  in  a  character- 
istic manner  first  by  local  infiltration  and  later  by  the  blood  stream  to 
parenchymatous  organs,  lymph  glands,  bone  marrow,  etc.  At  this 
stage  only  the  negative  blood  findings  differentiate  the  case  from  leuko- 
sarcoma and  only  the  blood  and  the  presence  of  a  local  infiltrating 
mass  differentiate  it  from  lymphatic  leuksemia.  Finally,  in  the  lym- 
phatic leukaemia  chart  No.  5,  one  may  see  a  similar  mode  of  progres- 
sion. The  first  cases  showing  no  increase  in  the  number  of  blood 
lymphocytes  presented  at  autopsy  hyperplastic  lymphoid  tissues  with 
generalized  infiltrations.  Other  cases  with  a  positive  blood  picture 
showed  more  or  less  localized  lymphoid  envolvement.  The  main  group 
is  quite  typical  but  the  last  case  on  the  chart  developed,  during  the 
course  of  the  leukaemia,  large  infiltrating  masses  in  the  inguinal 
regions.  It  appears  then,  that  in  the  leukaemia  group  some  cases 
closely  resemble  certain  types  of  lymphosarcoma,  others  approach  leuko- 
sarcoma. 

Microscopically,  the  lymphocytic  infiltrations  of  the  organs  in  these 
diseases  differ  in  quantity  but  not  in  quality.  Distant  lymph  nodes 
appear  the  same  in  leukosarcoma  as  in  lymphosarcoma  and  leukaemia; 
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the  parenchymatous  organs  and  even  the  bone  marrows  are  indis- 
tinguishable. Although  the  cell  varies  in  size  and  shape  in  the 
several  cases^  it  still  retains  its  lymphoid  character. 

It  appears  not  unlikely,  then,  that  leukosarcoma,  lymphosarcoma, 
and  lymphatic  leukaemia  are  different  manifestations  of  the  same  dis- 
ease. In  early  life  the  primary  focus  may  be  in  the  small  intestine  or 
mediastinum.  It  then  runs  a  rapid  fatal  course  spreading  locally  or 
generally  (lymphosarcoma),  occasionally  to  terminate  with  manifesta- 
tions of  lymphatic  leukaemia  (leukosarcoma).  Later  in  life  the  focus 
may  be  anjrwhere  and  the  course  is  more  protracted.  Extension,  how- 
ever, occurs  in  a  similar  manner.  In  many  ways  the  disease  is  quite 
comparable  with  tuberculosis  which,  in  the  yoxmg,  localizes  in  the 
chest  or  intestine,  later  to  become  spread  more  diffusely  and,  in  adult 
life,  assumes  many  odd  forms  attacking  kidney,  uterus,  skin,  etc. 

Next  I  wish  to  say  a  word  about  the  nature  of  this  disease.  Prom  the 
preceding  paragraph  it  may  be  seen  that  its  local  manifestations  and 
mode  of  spread  are  not  at  all  comparable  to  a  malignant  tumor  with 
its  metastases  but  simulate  more  closely  the  progress  of  an  infectious 
disease.  The  site  of  origin  is  determined  by  an  infiltrating  mass  of 
lymphoid  cells  not  in  themselves  destructive  but  merely  pushing  aside 
normal  tissue  elements.  Its  mode  of  spread  as  a  diffuse  periportal  in- 
filtration, accumulation  about  the  Malpighian  bodies,  scattered  cells 
separating  normal  kidney  tubules  and  glomeruli,  homogeneous  collec- 
tions of  cells  in  the  bone  marrow  and  other  tissues,  certainly  does  not 
find  its  parallel  in  the  biology  of  any  known  tumor. 

From  observations  by  Lewis  and  Webster  upon  the  activities  of 
lymphocytes  in  tissue  culture  (normal,  tuberculous,  lymphosarcoma- 
tous,  Hodgkin*s  and  leukaemic  lymph  glands  were  cultured  and  the 
activity  of  the  Ijrmphocytes  studied),  the  following  points  may  be  valu- 
able. (1)  The  lymphocyte  in  normal  and  pathological  lymph  nodes 
observed  in  tissue  culture  is  actively  amoeboid  at  body  temperature,  pro- 
ceeding in  a  definite  and  characteristic  manner  for  several  days.  (2)  It 
responds  to  various  ch^nical  and  bacterial  substances.  Observing  many 
fixed  sections  from  autopsies  in  which  the  lymphocytes,  elongated  and 
spindle  shaped,  were  similar  to  those  in  culture,  it  seems  altogether 
probable  that  amoeboid  activity  may  take  place  on  the  part  of  the 
lymphocyte  in  vivo. 

This  lymphoid  infiltration  then,  variously  designated  as  leuko- 
sarcoma, lymphosarcoma,  and  lymphatic  leukaemia,  may  best  be  ex- 
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plained  as  a  response  to  some  chemotactic  agent  derived  from  a  living 
organism.  So  long  as  this  substance  remains  confined,  the  accnmnla- 
tion  of  lymphocytes  is  local;  but  the  presence  of  this  substance  in  any 
part  of  the  body,  parenchymatous  organs,  glands,  bone  marrow,  etc., 
produces  in  that  area  an  infiltration  of  lymphocytes. 

A  minor  point  of  some  prognostic  significance  might  be  mentioned 
at  this  time.  Several  clinical  cases  where  a  lymph  node  had  been  re- 
moved for  diagnosis  showed  microscopically  evidence  of  amoeboid  ac- 
tivity on  the  part  of  the  lymphocytes.  All  of  these  cases  (12)  died 
within  a  few  months. 

Hodgkin's  disease,  a  reticulo-endothelial  proUferative  process,  in  con- 
trast to  leukosarcoma,  lymphosarcoma  and  lymphatic  leuksmia  which 
are  lymphocytic  proliferative  processes,  may  be  diagnosed  microscopi- 
cally and  is  probably  a  distinct  entity. 

From  the  clinical  standpoint,  until  a  definite  etiological  agent  has 
been  discovered,  these  conditions  will  remain  little  more  than  diag- 
nostic problems.  Lymphosarcoma  cannot  always  be  diagnosed  micro- 
scopically and  in  the  early  cases  it  is  unwise  to  give  a  certain  prognosis. 
Hodgkin^s  disease,  on  the  other  hand,  may  be  diagnosed  from  the  micro- 
scopical examination  of  a  single  gland  and  a  definite  prognosis  may  be 
offered. 

Seven  atypical  cases  living  and  well  from  2  to  11  years  after  exami- 
nation are  quite  similar  microscopically.  The  more  or  less  homo- 
geneous mass  of  lymphoid  cells  suggests  some  baiign  form  of  chronic 
lymphadenitis.  Associated  with  these  cases  is  frequently  a  so-called 
transient  '^ infectious  mononucleosis"  in  the  blood  characterized  by 
an  increase  in  the  number  of  lymphoid  cells. 

Conclusions 

1.  It  seems  probable  that  leukosarcoma,  lymphosarcoma,  and  lym- 
phatic leuksmia  are  different  manifestations  of  the  same  disease. 

2.  The  term  ^lymphadenosis,  leukemic  or  aleuksemic"  would  ex- 
press this  idea  and  simplify  the  classification  until  a  definite  etiological 
agent  is  found. 

3.  This  disease  is  not  a  neoplasm  but  a  direct  response  on  the  part 
of  lymphocytes  to  a  chemotactic  influence  exerted  by  the  disease  caus- 
ing agent.  The  presence  of  this  substance  in  any  tissue  or  organ  pro- 
duces there  a  local  accumulation  of  lymphoid  cells. 
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4.  Diagnosis  and  prognosis  of  this  disease  in  its  early  stage  are  diffi- 
cult from  the  microscopical  examination  of  a  single  gland  because  of 
its  resemblance  to  certain  types  of  benign  lymphadenitis. 

5.  Evidence  of  amoeboid  activity  on  the  part  of  the  lymphocytes  is 
indicative  of  a  rapid  fatal  course. 

6.  Hodgkin's  disease,  a  distinct  entity,  may  be  diagnosed  and  ac- 
curately prognosed  from  the  microscopical  examination  of  a  single 
gland. 
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Fio.  1. — Case  58:  Lymphosarcoma.  Lymph  gland.  Patient 
dead;  eight  months'  duration.  Note  amceboid  lymphocytes 
with  numerous  mitoses,  endothelial  hyperplasia*  and  phago- 
cytosis. 


Fia  2. — Case  S:  Leukosarcoma.  Lymph  gland  removea 
before  patient  developed  leukemia.  Notice  the  diffuse  over- 
growth of  lymphocytes  regular  in  size  and  shape. 

24 
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Fio.  4. — Case  87:  Lymph  gland.  Atypical  acute  Hodgkln's 
disease  with  X-ray  treatment  and  death  Ave  weeks  after  onset. 
The  predominating  lymphoid  cell  is  large  and  amoeboid  with  a 
somewhat  vesicular  nucleus.  Mitoses  are  frequent.  Large 
endothelioid  cells  are  filled  with  nuclear  particles. 
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THE  JOHNS  HOPKINS  HOSPITAL   REPORTS,  Vol.  XX  PLATE  LXXIX 


Fio.  6. — Case  99:  Lymph  gland.  Typical  Hodgkin's  disease 
with  lymphoid  cells  still  abundant.  Stroma  is  more  conspicu- 
ous, endothelioid  cells  and  giant  cells  are  numerous. 
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Fio.  8. — Case  112:  Lymph  gland.  Advanced  Hodgkln's 
disease.  The  small  island  of  lymphoid  cells,  endothelioid 
cells,  and  giant  cells  is  surrounded  by  dense  stroma  of  connec- 
tive tissue. 
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Fig.  10. — Case  60:  Lymph  gland.  Diagnosed  lympho- 
sarcoma. Well  four  years.  Note  lymphocytes  slightly 
irregular  in  size  and  shape..  The  nuclei  are  somewhat 
vesicular  and  frequently  show  mitotic  figures.  An  occa- 
sional endothelioid  cell  is  noted. 
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Fig.  12. — Case  U^:  Lymph  gland.  Diag^nosed  Hodgkin's 
disease.  Well  five  years.  Note  lymphoid  cells,  quite  regular 
with  slightly  vesicular  nucleus.  A  few  endothelioid  cells 
are  seen. 
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INTRODUCTION 

It  is  due  to  those  who  are  interested  in  this  work  to  express  mj 
regret  for  the  delay  that  has  occurred  in  publishing  a  promised  descrip- 
tion of  a  new  stereotaxic  instrument.  Something  in  the  way  of 
excuse  may  be  recognized  in  the  following  pages,  when  it  is  realized 
that  the  details  explained,  besides  many  which  are  omitted,  had  to  be 
worked  out,  not  only  on  paper,  but  in  mechanical  constructions  which 
were  submitted  to  experiment  and  modified  in  accordance  with  the 
results,  involving  much  time,  labor  and  expense. 

One  diflSculty  in  constructing  a  complicated  instrument  is  to  secure 
the  services  of  a  maker  who  combines  the  requisite  skill  and  appliances 
with  leisure  to  carry  out  the  work.  The  time  of  such  men  is  valuable 
and  they  are  not  attracted  by  the  imcertainty  and  difficulty  of  experi- 
mental construction.  Such  obstacles  have  been  responsible  for  much 
delay;  nevertheless,  I  had  completed  and  tested  an  instrument  and 
an  illustrated  description  of  it  was  ready  for  the  press  several  years 
ago,  but,  at  the  last  moment,  the  publication  was  postponed  for  the 
foUowing  reasons.  The  rectilinear  instrument  which  is  described 
and  illustrated  in  these  pages  is  constructed,  as  its  name  implies,  on 
a  rectilinear  principle,  and  the  movements  of  the  needle,  directed  by 
guides,  are  controlled  and  measured  by  scales  engraved  osi  these 
guides  or  attached  to  them.  To  extend  the  range  of  these  movements, 
to  help  the  operator  to  avoid  important  structures  in  the  brain  and 
to  reach  any  selected  point  by  the  most  convenient  route,  or  by  more 
than  one,  the  rectilinear  movement  was  supplemented  by  an  arrange- 
ment which  provides  for  an  inclination  of  the  needle  at  various  angles. 
But  to  direct  it  with  accuracy,  to  know  the  exact  position  of  the  point 
at  any  inclination  and  at  the  same  time,  to  make  the  required  cor- 
rections for  variations  in  the  size  of  different  heads,  in  three  dimen- 
sions, was  a  matter  of  some  difficulty.  Calculations  in  the  course  of 
an  operation  are  objectionable  and  I  adopted  a  mechanical  method  of 
attaining  these  objects  with  a  two-dimensioned  indicator,  which  is 
figured  in  Plates  XXV-XXVI  and  explained  in  Chapters  III  and 
IV.    It  soon  became  evident  that  an  extension  of  this  method  to  a 
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three-dimensioned  indicator  and  a  needle  with  nniyersal  movement 
would  offer  great  advantages^  but  I  did  not  see  my  way  to  a  satisfac- 
tory design  until  after  the  machine  referred  to  was  finished,  and 
though  a  good  many  parts  of  it  are  still  retained,  many  modifica- 
tions and  additions  were  necessary,  involving  the  construction  of 
what  is  practically  another  instrument 

Now  tiiat  both  patterns  are  ccHnpleted  and  can  be  compared,  the 
advantage  of  the  improved  form  will  be  recognized,  though  it  may 
not  supersede  the  previous  one  for  all  purposes.  However,  as  these 
instruments  are  costly,  I  could  not  recommend  anybody  to  purchase 
one  with  the  probability  of  its  being  quickly  superseded  and  I  was 
obliged  to  defer  the  publication  of  the  description  till  the  last>  and 
I  hope,  the  final  form  was  completed.  It  may  be  objected  that  there 
is  no  finality  in  these  things,  that  the  last  pattern  will  suggest  another 
and  so  on  indefinitely.  This  is  of  course  true  of  details  which  must 
always  be  susceptible  of  improvement  until  perfection  is  attained,  but 
machines  reach  what  may  be  called  a  final  stage  when  they  effect 
their  object  as  weU  as  can  be  reasonably  expected,  and  such  a  stage 
may  be  claimed  for  the  present  instrument,  which  satisfies  all  reason- 
able requirements,  and  can  be  recommended  to  experimental  neurolo- 
gists for  the  investigations  it  has  been  designed  to  promote. 

The  rectilinear  machine  described  here  is  the  second  of  the  kind 
which  I  have  designed ;  some  of  my  readers  may  have  seen  a  descrip- 
tion of  the  earlier  one,  in  a  joint  paper  with  Sir  Victor  Horsley,^ 
introductory  to  an  unpublished  account  of  an  investigation  of  the 
cerebellum,  for  which  it  was  employed.  Since  then,  a  few  investiga- 
tors have  used  similar  instruments  copied  from  it,  for  various  parts 
of  tlie  brain,  and  in  spite  of  mechanical  defects  and  the  disadvantage 
of  applying  it  without  a  complete  series  of  charts,  with  fairly  good 
results.  At  the  same  time,  it  is  no  criterion  of  the  method  to  employ 
it  under  these  conditions  and  I  have  advised  enquirers  to  wait  for 
tlie  new  instrument  and  the  earlier  parts,  at  any  rate,  of  the  atlas  of 
sections  of  the  cranium  of  the  cat  and  monkey,  which  Mr.  Henderson 
and  I  are  now  publishing. 

It  is  of  course  an  advantage  to  be  able  to  refer  to  sections  in  three 
planes,  but  a  single  series  will  furnish  the  essential  data  for  direct- 
ing the  needle  and  with  either  of  the  instruments  described  here  and 
the  earlier  parts  of  the  atlas,  any  one  will  be  in  a  position  to  under- 
take an  investigation  of  the  brain  in  the  cat  or  monkey  if  he  wishes. 
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The  delay  which  has  occurred^  though  unfortimate  in  some  respects^ 
has  enabled  me  to  introduce  a  few  additions,  which  may  enlarge  the 
scope  and  utility  of  the  method  and  will  be  described  in  this  paper. 

Those  who  hare  used  the  first  instrument  will  find  the  later  one 
a  great  improvement,  but  must  not  expect  mathematical  accuracy 
which  is  unattainable,  as  no  animal's  brain  is  constructed  on  such 
lines,  but  with  a  little  practice  and  care  he  will  find  that  he  can 
reduce  the  inevitable  error  to  small  proportions. 

Having  reached  something  like  finality  in  the  evolution  of  the 
instrument  I  found  it  difficult  to  decide  upon  the  alterations  to  be 
made  in  the  description  which  had  been  completed  to  a  certain  point; 
much  of  it  required  to  be  re-written,  but  it  was  doubtful  what  to 
omit.  If  the  cost  of  the  earlier  and  the  improved  pattern  were  approxi- 
mately the  same,  I  should  reconmiend  the  latter  and  be  content  with 
a  short  allusion  to  the  first.  I  hoped  to  be  able  to  append  an  approxi- 
mate estimate  of  the  comparative  cost  of  the  two  machines,  but  this 
is  difficult  to  obtain,  because  much  depends  on  the  number  required, 
which  it  is  impossible  to  predict,  though  the  demand  cannot  be 
large,  and  I  should  imagine  that  the  final  instrument  will  cost  two 
or  three  times  as  much  as  the  rectilinear  pattern. 

As  nearly  all  the  essential  parts  of  the  first  machine  are  used  with 
the  later  improvements  there  is  very  little  disadvantage  incurred  by 
getting  the  former  to  begin  with  and  procuring  the  additional  parts 
subsequently  if  required.  There  are  many  experiments  for  which  the 
rectilinear  machine  serves  very  well  and  for  such  the  plan  suggested 
appears  advisable.  At  any  rate,  it  is  desirable  to  give  a  full  descrip^ 
tion  of  both  instruments  to  enable  the  reader  to  draw  his  own  con- 
clusions, especially  with  reference  to  the  work  he  proposes  to  under- 
take. To  the  descriptions  and  illustrations  I  propose  to  add  direc^ 
tions  for  use  and  explanations  which  I  hope  will  make  the  procedure 
sufficiently  clear  to  enable  the  beginner  to  embark  upon  it  without 
any  special  teaching. 

Besides  affording  a  substitute  for  mutilating  operations,  which  are 
repulsive  and  not  attended  with  results  that  justify  theni  in  the  lab- 
oratory or  hospital,  a  contingent  advantage  may  be  secured  by  facili- 
tating the  operative  procedure  essential  to  experimental  investiga- 
tion and  enlisting  the  co-operation  of  medical  men  who  are  interested 
in  scientific  neurology,  but  have  been  deterred  from  supplementing 
clinical  observations  with  experimental  research  by  the  want  of  speciaJ 
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tiaining  which  they  considered  eesential.  For  performing  the  opera- 
tioDB  required  with  the  instrument  it  is  not  so,  and  the  need  of  fresh 
woricers  in  this  field  is  urgent.  Considering  our  ignorance  of  elemen- 
tary anatomical  and  phjrsiological  data,  the  course  and  connections 
of  tracts,  the  functions  of  large  centers,  not  to  speak  of  smaller  but 
important  nuclei,  the  vast  amount  of  indispensable  work  requiring 
no  exceptional  skill,  the  fascination  of  the  subject,  and  the  harvest 
to  be  gathered,  the  slow  progress  from  the  dearth  of  investigators  is 
deplorable.  Certainly,  there  are  no  direct  pecuniary  inducements, 
but  probably  an  increasing  number  of  medical  men  would  be  willing 
to  devote  some  of  their  leisure  to  these  objects  if  they  realized  their 
importance  and  inducements. 

In  criticizing  what  appear  to  me  defects  in  present  methods  of 
intracranial  surgery,  my  observations  do  not  in  any  way  apply  to  the 
operators,  who  are  called  upon  to  act  in  circumstances  which  admit 
of  no  delay.  They  cannot  wait  for  the  improvements  they  may  desire, 
but  must  make  the  best  of  such  means  as  are  available,  whether  they 
are  satisfactory  or  not,  and  for  imperfections  in  methods  and  means 
we  must  all  accept  a  share  of  responsibility,  as  it  has  always  been 
open  to  any  of  us  to  suggest  improvements. 

I  had  made  arrangements  for  the  publication  of  this  work  and  the 
charts  of  the  cranium  of  the  rhesus  in  the  Journal  fur  Psychologie 
und  Neurologie  *  in  which  the  two  first  parts  of  the  atlas  (of  the  cat) 
have  already  appeared.  But  the  outbreak  of  the  European  war 
arrested  the  progress  of  this  arrangement,  besides  leading  to  the  clo- 
sure of  the  laboratory  in  which  I  have  always  worked  and  depriving 
me  of  the  services  of  the  instrument  maker  on  whom  I  depended  for 
the  completion  of  certain  small  additions  and  alterations  to  the 
machine  which  are  required. 
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INVESTIGATION    OF    THE    CENTRAL    NERVOUS 

SYSTEM 

METHODS  AND  INSTRUMENTS 
By  R.  H.  CLARKE,  M.A^  M.  B. 

CHAPTEB  I 

A  PBEIIXIHABT  BEVIEW  OF  THE  SCOPE  AHB  AFPUCATION 

OF  THE  HETHOB 

The  purpose  of  the  method  and  instruments  described  in  the  follow- 
ing pages  is  to  give  such  practical  effect  as  may  be  possible  to  the 
principle  of  substituting  mechanical  for  visual  direction  of  needles 
and  similar  fine  instruments  for  intracranial  operations^  whether  they 
are  required  for  anatomy,  physiology,  or  surgery,  in  the  hope  of  idti- 
mately  reducing  to  small  proportions  the  mutilation  which  exposure 
of  the  structures  of  the  brain  entails. 

Topography,  TTniformity. — ^The  topographical  basis  of  the  method 
depends  on  the  measurement  of  structures  from  central  section  planes 
in  three  dimensions,  determined  by  prominent  anatomical  features 
of  the  cranium.  It  is  evident  that,  unless  the  position  and  relations 
of  the  planes,  determined  in  this  way,  are  reasonably  constant^  the 
method  cannot  be  trustworthy.  This  objection  is  frequently  raised 
and  neurologists  are  not  easily  convinced  of  such  uniformity  of  struc- 
ture in  the  brains  of  different  animals  of  the  same  species,  nor  in 
different  men.  Of  the  latter,  I  am  not  yet  in  a  position  to  speak  from 
experiment,  as  my  work  on  this  subject  has  been  confined  to  the 
lower  animals,  especially  the  cat  and  rhesus  monkey,  but>  within  the 
limits  of  my  experience^  uniformity  increases  as  we  ascend  the  scale 
of  cranial  development  and  it  would  be  a  contradiction  of  the  apparent 
rule  if  the  relations  of  cerebral  structures  proved  to  be  less  constant 
in  man  than  in  the  monkey  or  cat.  .  The  matter  can  be  definitely 
decided  only  by  the  comparison  of  a  large  number  of  measurements 
and  it  would  occupy  too  much  space  to  produce  even  those  which 
are  available  here;  but  the  issue  is  fundamental  and  it  is  necessary 
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to  offer  sufficient  preliminary  evidence  to  encourage  those  who  are 
interested  in  the  question  to  put  it  to  the  proof  of  practical  experiment, 
when  they  will  find  in  their  results  the  most  satisfactory  oorrobora- 
tion  of  the  claim  advanced.  It  may  be  mentioned,  in  the  first  place, 
that  one  of  the  greatest  obstacles  to  the  recognition  of  the  evid^ice 
of  uniformity  is  due  to  the  prominent  position  and  great  interest 
attached  to  the  convolutions  of  the  brain.  Every  neurologist  is 
impressed  by  their  importance,  familiar  with  the  details  of  their 
arrangement  and  structure  and  appreciates  their  topographical  value, 
but,  at  the  same  time,  realizes  that  their  regularity  and  symmetry  are 
not  constant  enough  for  the  requirements  of  accurate  measurement 
and  it  seems  at  first  very  improbable  that  any  part  of  the  brain  can 
be  free  from  the  defects  he  has  so  often  observed  in  these  structures. 
When,  however,  we  consider  the  development  of  the  pallium  and  that 
the  convolutions  are  folds  produced  by  the  confinement  of  its  extend- 
ing area  by  unyielding  walls,  it  may  appear  more  remarkable  that 
the  irregularities  are  no  greater  and  that  the  arrangement  is  generally 
as  symmetrical  as  we  find  it.  We  could  hardly  expect  that  folds  so 
produced  would  be  constant  enough  to  serve  as  bases  of  accurate  mea- 
surement, nor  should  we  anticipate  that  defects  in  their  symmetry 
would  furnish  a  criterion  for  estimating  the  degree  of  uniformity 
exhibited  by  the  central  structures  of  the  brain.  Bather,  if  a  priori 
considerations  have  any  weight,  we  should  expect  a  marked  difference 
and  that,  in  an  area  which  is  the  seat  of  extensive  growth  and  expan- 
sion and  subject  to  very  considerable  variations  of  size,  the  relati(ms 
of  parts  would  be  affected  to  a  far  greater  d^ree  than  in  structures 
closely  connected  with  the  base  of  the  skull,  where  growth  is  slow 
and  comparatively  slight,  and  variations  are  restricted  to  small  pro- 
portions. Such  a  conclusion  is  strongly  supported  by  the  positive 
evidence  of  observation  and  measurement.  It  is  most  obvious  in 
coronal  sections  where  the  synmietry  of  corresponding  structures  of 
the  brain-stem  to  the  median  sagittal  plane  is  remarkable  and  also 
of  practical  value,  as  this  plane  is  one  of  the  bases  of  measurement. 
Of  aU  zero  planes,  it  is  the  most  easily  defined  and  owing  to  the 
bilateral  structure  of  the  brain  the  most  natural  and  obvious  land- 
mark. Anatomically,  its  position  is  marked,  superficially  and  in  deep 
structures,  by  numerous  features  which  can  be  easily  recognized  and  it 
can  also  be  determined  by  bisecting  transverse  diameters  through  cor- 
responding points  on  both  sides  of  the  cranium.    Both  methods  can 
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be  employed  to  corroborate  one  another,  which,  as  a  rule,  they  do.  If 
there  is  any  discrepancy,  it  is  generally  due  to  some  difference,  chiefly 
peripheral,  in  the  development  of  the  hemispheres  and  in  case  of 
doubt,  for  central  structures  at  any  rate,  anatomical  features,  such 
as  the  raph^  and  the  median  division  between  corresponding  points, 
are  the  surest  guides.  Such  discrepancies,  however,  are  neither  fre- 
quent nor  considerable,  and  the  sagittal  zero  plane,  determined  in 
either  way,  is  a  satisfactory  landmark  for  the  brain  stem  and  adjacent 
structures.  Still  more  important  and  not  less  trustworthy,  as  a  base 
of  measurement,  is  the  interaural  line,  passing  from  the  center  of 
one  meatus  to  the  other.  The  meatus  is  accurately  centered  by  ear 
cones,  which  fit  the  conical  ends  of  the  ear  pivots,  ana  these  are  per- 
forated in  their  long  axis  to  serve  as  guides  for  the  drill,  which  is 
used  in  the  preparation  of  chart  sections,  to  define  the  line.  As  the 
same  ear  cones  and  pivots  are  used  to  support  the  head  in  the  frame 
for  operations,  and  measurements  are  reckoned  from  the  centers  of 
the  cones,  the  same  line  is  defined  for  charts  and  operations  by  the 
same  means.  Thus,  the  interaural  line  defines  the  central  intersection 
of  the  basi-horizontal  and  frontal  zero  planes;  the  distal  definition 
of  the  former  is  determined  by  the  lowest  point  of  the  lower  margin 
of  the  orbit,  and  the  frontal  zero  plane,  perpendicular  to  the  horizontal, 
extends  from  the  same  line  to  the  vertex.  The  interaural  line  is, 
therefore,  the  focus  and  central  zero  of  measurement^  and  as  the 
principal  structures  of  the  brain  which  now  require  investigation  are  in 
its  neighborhood,  its  accuracy  is  essential  and  far  more  important 
than  the  distal  definitions  of  the  zero  planes,  and,  fortunately,  in  the 
cat  and  monkey  it  is  a  constant  and  trustworthy  guide.  I  have  drilled 
this  line,  through  cones  fitted  in  the  meatuses,  on  both  sides,  in 
a  very  large  number  of  cats'  heads,  and  have  been  surprised  at  its 
regularity;  as  a  rule,  the  drill  grooves  the  free  surface  of  the  pons 
in  the  median  sagittal  line.  The  drills  used  were  14-wire  gauge, 
1.8  nmi.  in  diameter,  and  on  an  average  the  depth  of  the  groove  is 
about  half  the  diameter  of  the  drill;  but  it  is  rare  for  the  latter  to 
perforate  the  pons  without  breaking  its  surface,  or  to  pass  without 
touching  it.  As  the  diameter  of  the  drill  is  less  than  2  mm.,  a  varia- 
tion of  1  mm.  is  sufficient  to  produce  either  of  these  results;  hence, 
an  error  of  1  mm.  is  rare  and  a  much  greater  one  is  not  likely  to  occur 
in  regions  near  the  interaural  line  and  measured  from  it,  or  from 
the  frontal  or  horizontal  zero  planes  which  it  defines.    In  the  rhesus. 
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the  interaural  line  traverses  the  pons  about  its  middle;  there  is  no 
definite  feature  at  this  point  comparable  to  the  free  surface  in  the 
cat  and  slight  variations  cannot  be  recognized  so  readily^  but^  judg- 
ing by  measurements  to  neighboring  structures,  I  believe  it  to  be  as 
constant  and  trustworthy  a  guide. 

Thus,  if  adjustment  of  the  ear  cones  is  carefully  conducted,  in  the 
central  regions  of  the  brain  of  both  these  animals,  an  error  of  more 
than  1  mm.  is  unusual  and  it  is  commonly  less;  hence,  the  bases  of 
measurement  are  sufficiently  accurate  for  experimental  operations  and 
it  appears  xmlikely  that  they  will  prove  less  accurate  in  man. 

Our  object  might  be  compared  with  that  of  a  marksman,  assuming 
that  we  are  aiming  the  needle  at  a  target  with  a  2  mm.  bull's-eye.  A 
good  performer  with  a  modem  rifle  considers  that,  if  all  circum- 
stances are  favorable,  with  the  stipulated  number  of  shots  he  may 
hope  to  score  a  **  possible,^'  getting  somewhere  on  the  bull  every  time, 
but  that  if  the  wind  is  strong,  or  the  light  bad,  or  he  is  at  all  imsteady, 
he  will  not  be  so  fortunate.  Similarly,  although  under  favorable  con- 
ditions, in  a  series  of  experiments  with  the  instrument,  an  operator 
may  succeed  in  getting  the  needle  within  a  2  mm.  circle  every  time; 
nevertheless,  a  slight  error  of  measurement  or  some  defect  of  symmetry 
in  an  animal  will  spoil  his  average.  Much,  however,  depends  upon 
the  weapon,  and  as  with  the  rifle,  so  with  the  instrument,  there  is  a 
good  deal  of  difference  between  the  old  and  the  new. 

DefectlTC  Kethods. — ^We  have  sacrificed  opportunities  of  progress 
in  the  anatomy,  physiology  and  surgery  of  the  brain,  by  too  ready 
acquiescence  in  the  assumption  that  we  must  remain  dependent  on  the 
visual  sense  for  every  species  of  intracranial  operation.  Like  many 
accepted  convictions,  its  foimdations  are  open  to  criticism  and  it  is 
remarkable  that  its  claims  to  credit  have  not  been  seriously  challenged 
long  ago. 

Inaccessibility  of  the  Brain. — ^It  is  difficult  to  imagine  a  region 
more  inaccessible  to  vision  than  the  deep  structures  of  the  brain. 
An  organ  of  almost  inconceivable  complexity,  not  absolutely  solid  nor 
yet  fluid,  but  exhibiting  some  of  both  qualities,  slung  on  membranous 
supports,  in  an  impervious  bony  capsule,  which  is  never  restored  when 
once  it  has  been  destroyed  to  give  access  to  the  structures  it  protects, 
and  in  every  part,  bone,  membranes  and  brain  richly  supplied  with 
blood  contained  in  vessels,  of  which  some  are  inaccessible  or  difficult 
to  control  for  the  arrest  of  h«morrhage.    These  conditions  make  it 
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impossible  to  expose  the  deep  ganglia  without  serious  mutilationy 
haemorrhage  and  shocks  which  not  only  hinder  the  attainment  of  our 
object,  but  rob  it  of  much  of  its  value  when  it  is  secured.  Instead  of 
a  clear  view  of  the  structures  we  find  a  stained  and  mangled  mass,  in 
which  brain  is  scarcely  distinguishable  from  blood-clot,  landmarks 
are  obliterated,  structural  relations  confused  and  topographical  pre- 
cision impossible. 

When  we  reflect  on  the  extent  of  these  difficulties  we  may  well  won- 
der, not  that  so  little  has  been  accomplished,  but  rather  that  so  much 
has  been  achieved.  We  must  recollect^  however,  that  in  the  past  there 
was  a  somewhat  wide  field  for  research  in  comparatively  superficial 
structures,  for  the  investigation  of  which  our  methods  were  fairly 
adapted  and  have  been  successfully  applied.  To-day,  the  richest  ore 
lies  in  deeper  levels  where  the  difficulties  are  much  increased  and 
fresh  obstacles  must  be  overcome  by  methods  adapted  to  meet  them. 

The  Degeneration  Kethod,  limitations. — Since  the  value  of  informa- 
tion regarding  the  course  of  fibers  and  their  relations  with  cells, 
derived  from  the  study  of  degenerations,  has  been  realized,  we  must 
attribute  to  this  source  nearly  every  addition  that  has  been  made  to 
our  knowledge  of  the  anatomy  of  the  tracts  of  the  central  nervous 
system.  These  methods  would  serve  us  equally  well  and  supply  us 
with  information  of  the  same  value  in  those  regions  which  still  remain 
unexplored  if  we  could  employ  them;  but  their  application  is  made 
impossible  by  the  nature  of  the  preliminary  operations  which  are 
required.  The  same  conditions  have  hampered  the  study  of  elemen- 
tary functions  by  electrical  stimulation,  rendering  its  precise  applica- 
tion difficult  and  depreciating  the  value  of  results  observed  in  animals 
depressed  by  severe  operations  and  prolonged  and  deep  ansssthesia. 
So,  while  advance  has  been  rapid  in  other  directions,  ignorance  of 
the  functions  of  the  great  centers  of  the  brain  persists.  The  largest 
of  them  is  a  silent  desert  of  which  our  knowledge  has  advanced 
scarcely  beyond  the  speculations  of  Dr.  Carpenter  of  50  years  ago, 
and  for  the  light  which  is  at  length  beginning  to  break  upon  the 
functions  of  the  thalamus  we  are  indebted  to  the  refined  methods  and 
indefatigable  application  of  recent  clinical  investigation. 

Similar  obstacles  confront  the  surgeon  and  bar  his  progress.  Shock 
and  hsamorrhage,  imperfect  repair  of  the  protective  coverings  which 
are  so  indispensable,  but  must  needs  be  destroyed,  exfoliations,  excres- 
cences, tedious  recovery,  crippled  faculties  and  a  deplorable  mortality 
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are  too  often  the  penalties  of  an  injudicious  enterprise  upon  an 
entrenched  position. 

Effects  of  Exposing  Deep  Stmotures. — ^We  watch  a  trifling  intra- 
cranial haemorrhage  which  does  not  produce  unconsciousness  for  hours 
or  days  and  see  a  patient  drift  to  death  or  become  a  helpless  cripple 
and  fold  our  hands,  not  daring  to  suggest  the  scalping  knife  and 
tomahawk,  and,  deprived  of  our  first  inspiration  and  last  hope,  com- 
placently recommend  the  expectant  attitude  while  the  stream  flows 
by.  We  cut  away  the  laminae,  expose  the  cord  and  divide  half  a 
dozen  posterior  roots  on  both  sides,  to  purchase  a  short  respite  from 
intolerable  neuralgia,  which  soon  recurs,  but  do  not  venture  to  discuss 
the  prospects  of  section  of  a  tract  in  the  brain.  Yet  such  operations 
are  likely  to  be  available  in  the  future  and  in  practised  hands,  with 
a  1  mm.  needle  and  a  5  mm.  trephine,  may  be  scarcely  more  serious 
than  the  extraction  of  a  tooth. 

Semoval  of  Tumors.  Ferrier's  Views. — Speaking  a  few  years  ago 
at  Bath  on  the  subject  of  operations  for  cerebral  tumors.  Sir  David 
Ferrier  *  said  he  believed  that  he  was  the  first  to  advocate  operations 
on  the  brain  nearly  30  years  ago  and  that  he  took  an  active  part  in 
the  first  operation  for  the  removal  of  a  cerebral  tumor  which  was 
performed  by  Mr.  Godlee.  He  was  perhaps  more  sanguine  then  as 
to  the  benefits  likely  to  result  from  the  surgical  treatment  of  cerebral 
tumors,  than  the  experience  of  the  last  27  years  had  altogether  justi- 
fied. Only  a  relatively  small  proportion  of  cerebral  tumors — from 
7  to  10  per  cent — ^were  amenable  to  operation,  and  even  this  propor- 
tion would  be  reduced  if  one  were  to  exclude  from  the  operable 
category  the  diffuse  tumors.  The  mortality,  even  in  the  operable 
cases,  was  very  great  and  only  a  very  smaU  proportion  of  the  patients 
operated  upon  could  be  said  to  have  been  cured  in  the  sense  of  having 
been  restored  to  complete  health  and  usefulness.  Desperate  diseases, 
however,  required  desperate  remedies. 

The  conclusion  is  not  reassuring,  indeed  it  is  a  counsel  of  despair 
for  all  but  those  who  are  satisfied  with  "  desperate  remedies  "  and  are 
able  to  regard  the  cure  of  **only  a  very  small  proportion — 7  per 
cent*' — as  a  triumph  of  surgery.  Nor  can  we  encourage  ourselves 
with  any  definite  promise  of  improvement  or  hope  of  advance  while 
we  cling  to  the  visual  control  of  intracranial  operations  with  all  it 
entails. 
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More  Promising  Methods. — If  our  dumsy  fingers  are  to  nnravel 
the  mysteries  or  alleviate  the  disablements  of  the  most  exquisite  instru- 
ment of  which  our  imagination  can  conceive,  it  must  be  by  a  refined 
art  infonned  by  topographical  accuracy  not  yet  approached,  aided  by 
instruments  whose  delicacy  and  precision  will  tax  our  beggarly  efforts 
at  construction  to  their  utmost  limit,  and  inspired  by  a  concern  for 
the  resources  of  the  victim  which  wiU  tolerate  no  scratch,  nor  jar, 
nor  the  waste  of  a  drop  of  blood  that  any  possible  exercise  of  ingenuity 
can  prevent. 

Passing  from  such  anticipations  to  the  practical  questions,  what 
is  to  be  the  next  step?  What  can  we  do  now?  The  answer  seems  to 
be  that  the  first  essential  is  to  ascertain  the  extent  to  which  we  can 
substitute  mechanical  direction  and  control  of  instruments  for  the 
guidance  of  the  visual  sense ;  or,  to  put  it  another  way,  carry  out  intra- 
cranial manipulations  without  the  necessity  of  mutilating  operations, 
problems  of  which  these  pages  attempt  to  offer  some  sort  of  solution. 

The  rigid  cranium,  which  so  deeply  resents  the  exposure  of  the 
structures  it  protects,  is  an  admirable  base  for  the  direction  of  fine 
instruments.  It  presents  landmarks,  not  perfect  indeed,  but  reason- 
ably satisfactory,  supplies  fixed  points  for  measurement,  and  by  com- 
pletely enveloping  yielding  structures  in  an  immovable  frame,  gives 
them  a  fairly  constant  relationship  to  one  another  and  itself,  highly 
favorable  to  the  purpose  in  view. 

Application  to  Anatomy  and  Physiology. — ^The  principle  of  the 
mechanical  direction  of  instruments  on  which  the  methods  described 
here  are  founded,  will  probably  commend  itself  so  far  as  it  is  recog- 
nized to  be  practicable;  the  extent  to  which  it  will  be  applicable  the 
future  must  decide,  but  in  some  respects  its  practical  value  is  already 
assured.  For  intracranial  anatomy,  the  most  minute  lesions,  or  larger 
ones  if  required,  can  be  produced  in  any  part  of  the  brain  with  suflS- 
cient  accuracy  and  trifling  injury ;  it  thus  supplies  the  indispensable 
conditions  for  applying  the  degeneration  method  to  every  part  of 
the  brain  and  enables  us  to  explore  tracts  and  nuclei  wherever  we 
wish.  The  operative  advantage  may  prove  equally  serviceable  to 
physiology,  for  though  our  present  methods  of  electrical  stimulation 
are  not  capable  of  affording  very  much  information  of  the  functions 
of  the  central  ganglia,  we  may  look  to  the  assured  progress  of  elec- 
trical science  to  supply  the  deficiency  and  to  infuse  fresh  life  into  this 
branch  of  research. 
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Application  to  Surgery. — In  these  departments  of  investigation  we 
bare  had  sufficient  experience  to  speak  with  confidence  of  the  value 
of  the  method,  and  those  who  require  further  evid^ce  can  now  obtain 
it  in  the  most  satisfactory  way  by  tiying  it  for  themselves.  But  from 
its  application  to  animals  for  the  objects  described  to  its  adaptation 
to  human  surgery  is  a  long  step,  involving,  in  the  first  place,  a 
laborious  and  costly  investigation  to  construct  the  necessary  charts  of 
the  human  cranium.  Possibly,  two  or  three  types  will  have  to  be 
represented  by  different  standards,  for  each  of  which  hundreds  of 
millimeter  sections  in  three  dimensions  must  be  cut  and  photographed. 
Before  this  woric  can  be  completed  an  amoimt  of  experience  will  have 
been  collected  from  experiments  on  animals  which  will  put  the  whole 
subject  on  a  very  different  footing  from  that  which  it  now  occupies. 
For  my  own  part,  I  have  no  doubt  that  its  application  to  various 
purposes  in  human  surgery  will  be  only  a  question  of  time,  and  it 
will  be  a  source  of  interest  to  those  who  work  with  the  instrument  to 
observe  the  directions  in  which  the  method  may  be  profitably  applied 
to  the  relief  of  disease,  as  well  as  extended  in  those  fields  of  research 
with  which  it  is  more  immediately  concerned. 

Physiological  Excitation. — As  already  remarked,  the  present  method 
of  stimulating  nerve  centers  with  a  f  aradic  current  and  estimating  the 
effect  by  muscular  contractions  is  so  inadequate  for  the  investigation 
of  central  ganglia,  owing  to  escape  of  current  and  the  fact  that  many 
of  these  centers  have  no  direct  connection  with  a  motor  mechanism, 
that  improved  procedures  are  greatly  needed.  Modifications  of  the 
current  may  be  found  to  offer  certain  advantages,  but  it  is  difficult  to 
see  how  they  can  ever  be  entirely  free  from  the  same  objections. 

The  stereotaxic  instrument  may  possibly  open  a  more  favorable 
prospect  by  removing  obstacles  which  have  prevented  the  application 
to  the  brain  of  methods  which  have  given  definite  results  in  the  cord 
and  nerve  trunks.  In  the  experiments  recorded  by  Ootch  and  Hordey 
in  1891,*  they  found  that,  by  stimulating  the  limb  areas  in  the  cortex 
of  the  cat  or  monkey  with  f  aradic  currents,  they  produced  very  marked 
negative  variations  of  the  electrical  current  in  the  cut  end  of  the  cord 
at  different  levels  and  in  the  sciatic  nerves.  The  changes  were  recorded 
by  a  galvanometer  and,  although  slight  variations  occurred  on  the 
same  side  as  the  cortical  stimulation,  they  were  many  times  greater 
on  the  opposite  side,  where  the  impulses  were  conveyed  by  the  pyra- 
midal fibers  following  the  course  of  the  motor  path. 
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It  is  reasonable  to  expect  that  similar  stimulation  of  centers  in  the 
brain  may  produce  corresponding  changes  in  the  course  of  tracts  con- 
nected with  them;  with  delicate  galvanometers  and  suitable  conductors 
it  may  be  possible  to  demonstrate  the  existence  and  to  measure  the 
rate  of  transmission  of  such  impulses  and  the  amount  of  variation 
produced  at  different  stations  in  the  course  of  tracts  in  the  brain. 

So  long  as  the  application  of  electrodes  to  precise  points  in  the 
brain  entailed  the  necessity  of  exposing  the  latter  by  destructive  oper- 
ationsy  not  only  was  it  difficult  to  direct  the  electrodes  and  retain 
them  accurately,  but  all  the  conditions  were  so  much  affected  by  the 
operation  that  it  was  hopeless  to  look  for  delicate  electrical  changes, 
or  accept  as  normal  phenomena  any  results  which  might  be  observed. 
These  difficulties  are  now  greatly  reduced;  we  can  introduce  fine 
insulated  platinum  needles  through  small  trephine  holes  to  any 
required  point  and  keep  them  securely  fixed  and  connected  with  gal- 
vanometers, under  conditions  which  may  be  regarded  as  approximately 
normal. 

The  conditions  are  of  course  very  different  from  those  met  within 
the  cord  and  peripheral  nerves.  The  impossibility  of  isolating  the 
tract  must  be  a  serious  difficulty  and  may  be  insuperable.  But  the 
fact  that  the  galvanometer  records  changes  eight  or  ten  times  as 
great  in  the  path  as  outside  it,  even  when  it  is  so  near  as  the  other 
half  of  the  cord,  encourages  the  hope  that,  by  means  of  electrodes 
applied  directly  to  the  channels  by  which  the  impulses  are  conveyed, 
it  may  be  possible  to  detect  variations  in  the  brain  itself.  And  if 
such  a  result  can  be  secured,  the  information  might  be  so  valuable 
that  the  subject  deserves  very  careful  investigation. 

The  technique  of  introducing  and  fixing  insulated  platinum  needles 
sheathed  in  glass,  for  this  or  any  other  purpose,  presents  little  difficulty. 

The  electrode,  preceded  by  a  pilot  needle  (PI.  XVI,  I,  1)  which 
perforates  the  dura,  is  introduced  through  a  smaU  trephine  hole  to 
the  selected  point.  As  the  animal  will  not  be  kept  alive  after  the 
experiment,  the  needle  may  be  secured  in  position  with  cement  which 
is  softened  by  heat  and  hardens  rapidly,  such  as  white  lead,  plaster 
of  Paris,  and  shellac.  Or  preferably,  two  or  three  thin  celluloid 
discs,  rather  smaller  than  the  trephine  and  perforated  in  the  middle, 
are  slipped  over  the  needle  before  it  is  introduced;  when  it  is  in  posi- 
tion each  disc  is  fixed  to  the  needle  with  a  drop  of  hot  shellac  and 
secured  in  the  trephine  hole  with  equal  parts  of  resin  and  beeswax. 
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applied  with  a  bnush;  this  cement  is  fluid  when  hot  and  sets  very 
quickly. 

If  there  is  occasion  to  retain  a  needle  longer,  the  nickel  plugs 
shown  (PI.  XXXV,  II)  should  be  used.  These  are  easily  sterilized, 
and  nickel  is  not  acted  on  by  the  tissues  nor  does  it  cause  irritation. 
The  plugs  were  designed  to  retain  fine  platinum  tubes,  1  mm.  in 
diameter,  for  draining  off  serous  fluid  or  for  the  introduction  of  minute 
doses  of  drugs. 

Drugs :  Local  Action. — It  is  possible  that  valuable  information  may 
be  afforded  by  the  direct  action  of  drugs  on  brain  centers  and  cells. 
If  we  consider  the  effect  of  minute  doses  of  prussic  acid  or  aconite 
introduced  into  the  stomach,  and  the  rapid  onset  of  symptoms,  it  is 
obvious  that,  if  the  poison  acts  directly  on  the  cells  of  the  respiratory 
center,  it  must  pass  through  the  capillaries  of  the  liver  and  limgs 
first,  and  be  mixed  and  diluted  with  a  large  quantity  of  blood.  But 
inasmuch  as  only  a  very  small  quantity  of  this  dilute  mixture  can 
finally  reach  the  cells  themselves,  the  amount  of  the  poison  which 
produces  the  effect  must  be  minute,  and  the  susceptibility  of  the 
cells  very  remarkable.  It  is  worth  while  making  an  attempt  to  ascer- 
tain whether  any  drugs  applied  directly  to  central  nuclei  will  pro- 
duce specific  reactions,  modify  or  arrest  impulses,  or  produce  changes 
in  the  cells  themselves  which  can  be  recognized;  for  such  results 
might  be  of  value  to  the  pharmacologist,  as  well  as  the  physiologist, 
as  a  means  of  testing  the  properties  of  these  drugs.  The  platinum 
tubes  referred  to  are  suitable  for  the  introduction  of  minute  doses 
of  powerful  drugs  and  there  is  no  difficulty  in  dilating  the  small  pas- 
sage with  split  cannulas  for  tubes  of  any  size  for  medication,  syring- 
ing or  drainage. 

There  are  one  or  two  other  appliances  to  which  I  will  refer  very 
briefiy  before  proceeding  with  a  systematic  description  of  the 
instrument 

The  varieties  of  the  needle  which  may  be  developed  in  time  for 
all  sorts  of  intracranial  operations  are  practically  unlimited.  We 
have  made  a  beginning  and  illuBtrations  are  given  of  a  spherotome 
(PI.  XVII,  IV),  designed  by  Dr.  A.  T.  Mussen,  and  two  or  three  forms 
of  a  cutting  needle  of  mine.  The  instrument  is  a  hollow  steel  needle, 
1  mm.  in  diameter,  which  is  just  large  enough  to  admit  a  steel  wire 
and  concealed  watchspring  knife  which  can  be  projected  and  with- 
drawn as  required.    In  the  horizontal  cyclotome  as  seen  in  the  figure 
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(PL  XVI,  II),  after  the  needle  has  been  introduced,  the  knife  is 
projected  horizontally  from  a  slot  close  to  the  end  of  the  needle.  It 
can  be  projected  any  distance  up  to  4  nun.  and  a  milled  head  and 
scale  show  how  far  it  is  extended.  The  whole  needle  is  then  revolved 
one  complete  turn,  cutting  a  circular  disc  from  2  to  9  mm.  in  diameter, 
the  knife  can  be  retracted,  the  needle  sent  in  a  little  further  or  with- 
drawn a  few  millimeters  and  another  disc  cut  of  the  same  or  a  dif- 
ferent diameter.  In  this  way,  circular  figures  of  different  kinds,  cones, 
cylinders,  barrels  of  various  sizes,  can  be  cut  by  the  introduction  of 
a  1  mm.  needle.  It  is  preceded  by  the  pilot  needle  and  the  track  that 
is  left  is  quite  insignificant;  there  has  generally  been  no  trace  of  it 
after  the  animal  has  survived  for  three  weeks,  and  I  have  not  seen 
any  haemorrhage,  except  in  trephining  the  bone  which  sometimes 
bleeds  rather  freely,  especially  in  cats. 

Section  of  Tracts. — ^This  form  of  needle  serves  admirably  for  cut- 
ting tracts  that  are  parallel  to  it,  the  operation  being  quite  simple. 
In  Plate  II  of  the  sagittal  sections  of  the  cat,  in  the  atlas,  the  anterior 
column  of  the  fornix,  Vicq  d^Azyr^s  and  Meynert's  bundles  may  be 
seen  in  sagittal  lamella  II.  If  we  want  to  cut  Meynert^s  bundle  at  the 
level  of  the  mid-horizontal  zero  plane,  the  needle  may  be  introduced 
in  sagittal  lamella  I  or  III  where  they  join  anterior  frontal  lamella 
VIII,  t.  e.,  7.5  mms.  in  front  of  the  frontal  zero  plane  in  the  standard. 
After  measuring  the  head,  applying  the  instrument  and  exposing 
the  bone  by  a  small  incision,  the  pilot  needle  is  brought  over  the 
required  point  which  is  marked  with  ink  or  a  drill,  the  needle  is  racked 
out  of  the  way  while  a  5  mm.  trephine  (PI.  XXXV)  is  applied  to 
this  spot>  the  small  disc  of  bone  is  removed,  and  when  the  bleeding 
has  been  checked  the  pilot  needle  is  brought  back  and  racked  down 
through  the  dura  and  brain  to  the  horizontal  zero  plane.  It  is 
removed  and  replaced  by  the  cyclotome  which  is  introduced  to  the 
same  point,  the  knife  is  projected  1.5  or  2  mm.  directly  forwards  or 
backwards,  the  position  being  known  by  a  line  on  the  milled  head, 
the  needle  is  then  rotated  through  half  a  circle  towards  lamella  II, 
the  knife  is  retracted  and  withdrawn.  The  tract  is  found  divided  by 
a  little  incision  about  3  mm.  long.  In  the  vertical  cyclotome  (PI. 
XVII,  VI)  the  concealed  knife  is  pivoted  on  its  center  in  the  cleft 
extremity  of  a  hollow  needle  like  the  last;  when  introduced,  it  lies  in 
this  cleft  parallel  to  the  needle.  It  can  be  rotated  on  its  pivot  to  a 
right  angle  by  a  steel  wire  passing  down  the  needle  and  pivoted  near 
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the  proximal  end  of  the  knife,  which  by  this  movement  cuts  two  diago- 
nal quadrants.  It  is  then  withdrawn  by  the  wire  to  its  original  pod- 
tion,  the  needle  is  rotated  through  half  a  circle,  and  the  knife  again 
projected,  cutting  the  other  two  quadrants  and  completing  the  disc, 
the  plane  of  which  is  parallel  to  the  axis  of  the  needle. 

In  Mussen's  spherotome  (PL  XVI,  IV)  a  steel  wire  ending  in  a 
watch-spring  knife  is  introduced  into  a  hollow  steel  needle,  wire, 
knife  and  needle  being  in  the  same  straight  line.  One  side  of  the 
needle  near  the  point  is  filed  away  to  expose  a  few  millimeters  of  the 
watch-spring  which  lies  flat,  and  at  its  termination  is  secured  by  a 
rivet  in  a  slot  close  to  the  end  of  the  needle.  When  pressure  is  applied 
to  the  wire  the  spring  bulges  in  the  form  of  a  bow,  the  size  and  shape 
of  which  vary  with  the  pressure  applied.  By  a  complete  rotation  it 
cuts  a  spheroidal  figure,  the  size  of  which  depends  on  that  of  the 
knife  and  the  amount  of  pressure.  It  will  be  convenient  for  the  com- 
plete resection  of  nuclei  and  possibly  eventually  for  breaking  up  a 
bloodclot  or  eviscerating  a  tumor. 

Electrical  Besiitance,  Diagnosii. — The  substance  of  the  living  brain 
offers  a  rather  high  resistance  to  the  passage  of  electrical  currents.  It 
may  be  possible  to  utilize  this  quality  for  diagnostic  purposes  in  the 
case  of  intracranial  haemorrhage,  abscess,  cysts  and  even  tumors.  If 
the  double  platino-iridium  insulated  needle  used  for  stimulation  is 
included  in  a  circuit  with  a  milliamperemeter,  a  rheostat  and  constant 
battery  and  introduced  with  the  same  current  successively  into  brain 
substance,  muscle  and  fresh  blood,  it  is  generally  easy  to  distinguish 
them.  If  the  meter  records  1  ma,  for  brain,  it  will  read  about  3  ma. 
for  muscle  and  8  to  10  for  fresh  blood.  There  is  some  variation  due  to 
polarization  and  also  to  the  condition  of  the  tissues,  the  amount  of 
fluid  they  contain,  etc.,  and  when  blood  coagulates  its  resistance  is  a 
good  deal  raised.  Further  experiments  are  required  to  ascertain  how 
far  the  results  can  be  depended  on. 

Kohlrauch's  Kethod. — ^The  above  arrangement  is  a  rough  one  and 
Kohlrauch's  method  with  an  alternating  current  and  coil,  a  Wheat- 
stone  bridge  and  telephone,  is  much  more  delicate  and  is  free  from 
the  risk  of  polarization  which  cannot  be  avoided  with  a  constant  cur- 
rent Employing  this  method,  with  prepared  platinum  needles 
insulated  in  glass  up  to  their  points,  which  are  1  or  2  nmi.  apart,  I 
repeated  the  experiments  mentioned  with  Mr.  W.  L.  S]rme  in  Profes- 
sor Waller's  laboratory  and  they  entirely  corroborated  the  previous 
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results.  The  apparatus  gives  a  direct  reading  of  the  resistance  in  ohms 
and  we  tested  various  tissues  and  organs  as  well  as  brain  and  blood. 
The  principal  results  were  as  follows:  Needle  points  2  mm.  apart 
and  about  2  mm.  exposed,  platinized  black  and  heated,  direct  reading: 

Saline  solution Resistance  150-  180  ohms 

Fresh  blood  In  heart **  300  - 

Fresh  blood  elsewhere "  300-400     " 

Clotted  blood  "  400-600     " 

Muscle  "  500-600     " 

Brain*    "         1200-1800     " 

The  telephone,  though  very  delicate,  is  not  so  convenient  as  a  gal- 
vanometer where  fluctuations  of  resistance  are  followed  by  sight  This 
is  a  great  advantage  not  only  because  it  is  quicker,  but  also  because 
the  resistance  and  its  variations  can  be  observed  while  the  needle  is 
being  slowly  racked  through  the  brain.  With  the  telephone,  to  ascer- 
tain the  resistance  at  any  point  the  needle  must  be  stopped  and  the 
slide  on  the  Wheatstone  bridge  adjusted  till  the  telephone  is  silent 
when  the  resistance  can  be  read  on  the  scale.  This  not  only  involves 
more  time  and  trouble,  but  may  be  a  source  of  error.  Owing  to  the 
amount  of  blood  and  fluid  in  the  brain  a  small  quantity  may  collect 
round  the  needle  when  it  is  stationary  and  the  resistance  of  the  brain 
appears  to  be  that  of  the  fluid  in  which  the  needle  is  bathed.  When 
the  latter  is  moved  on  a  short  distance  the  resistance  increases  and 
the  error  is  detected ;  and  when  the  needle  is  kept  slowly  moving,  the 
accident  is  not  likely  to  happen.  It  will,  therefore,  be  an  advantage 
if  some  graphic  method  of  recording  the  resistance  can  be  substituted 
for  the  telephone.  In  any  case,  it  seems  probable  that  the  method  may 
be  of  some  practical  use. 

Trephining. — For  introducing  a  needle  into  the  brain  a  very  small 
trephine  about  5  mm.  in  diameter  is  sufBcient.  It  should  be  fitted  to 
a  dental  engine  or  a  motor  and  have  an  adjustable  stop.  With  the 
ordinary  dentist's  holder  it  can  be  quickly  changed.  A  center  pin 
is  only  necessary  when  we  require  the  needle  to  be  exactly  in  the  center 
of  the  trephine  hole ;  in  that  case,  the  best  plan  is  to  use  one  till  a  groove 
is  cut  and  then  substitute  a  trephine  with  a  stop  and  no  center  pin. 
Unless  the  opening  is  over  a  sinus  one  need  not  cut  the  dura.  It  can 
be  penetrated  by  the  pilot  needle,  which  should  be  passed  down  to  the 

*  White  matter  of  brain  about  200  ohms  higher  than  grey  (cortex). 
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required  point  and  then  withdrawn^  after  which  the  insulated  or  other 
needle  is  passed  down  the  same  track.  The  pilot  needle  penetrates 
the  brain  with  less  injury  than  the  others;  it  will  perforate  membranes 
if  necessary;  is  not  liable  to  be  deflected  and  should  generally  be 
employed. 

Arrest  of  Hsemorrhage. — Haemorrhage  from  the  small  trephine  holes 
may  persist  for  some  time  and  be  rather  difficult  to  control  without 
a  special  appliance.  Wax  or  paraffin  are  not  very  satisfactory,  as  the 
trephine  hole  is  too  small  to  admit  the  finger  and  it  is  difficult  to  apply 
these  materials  with  an  instnmient  to  the  edge  of  the  diploe,  close  to 
the  surface  of  the  brain,  when  the  structures  are  not  visible.  The 
effect  of  the  anode  in  producing  rapid  coagulation  of  the  blood  may 
be  turned  to  account  and  an  insulated  trephine  and  copper  ring  will 
stop  the  bleeding  in  two  or  three  minutes,  but  a  self -retaining  galvanic 
plug  (PL  XXXV,  I)  is  more  convenient.  An  overlapping  metal 
collar,  rather  smaller  than  the  trephine,  is  fitted  over  a  segmented 
ivory  ring  and  expanded  by  a  cone  drawn  outwards  by  a  small  screw; 
when  introduced  into  the  trephine  hole  the  collar  can  be  pressed 
against  its  circular  edge.  The  plug  is  connected  by  an  ivory  bridge 
with  a  hollow  copper  ring,  grooved  on  its  under  surface  and  packed 
with  wool  moistened  with  saline  solution.  The  ring,  which  is  rather 
larger  than  the  plug,  is  kept  in  contact  with  the  bone  by  the  ivory 
bridge  and  a  small  screw  exercising  counter-pressure  against  the 
expanding  plug;  it  is  connected  with  the  anode  and  the  metal  collar 
with  the  cathode,  the  whole  being  self-retaining  and  easy  to  apply. 
The  leads  have  been  attached  previously  and  directly  the  crown  of 
bone  is  removed  the  plug  is  introduced  and  fixed.  Three  milliamperes 
are  sufficient,  but.it  is  advisable  to  begin  with  one  and  increase  it. 
The  plug  stops  the  bleeding  at  once  mechanically  and,  if  retained  two 
or  three  minutes,  arrests  it  altogether.  I  have  had  a  pair  of  expanding 
forceps  made  for  the  application  of  wax  or  paraffin  which  may  save 
time  and  be  preferable,  in  some  respects,  to  a  galvanic  current. 

Many  other  possible  applications  of  these  methods  and  instruments 
to  cranial  surgery  will  suggest  themselves;  at  present  they  must  be 
speculative,  but  some  of  them  are  likely  to  be  worth  consideration  and 
experiment.  Except  in  a  few  carefully  selected  cases,  the  consensus 
of  present  opinion  is  adverse  to  the  ablation  of  cerebral  tumors  by 
the  usual  methods  and  it  is  improbable  that  any  improvements  in 
technique,  on  similar  lines,  will  give  much  more  satisfactory  results. 
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inasmuch  as  the  principal  defects  are  inevitable.  If  any  of  the  numer- 
ous methods  of  treatment  which  have  been  tried  or  recommended  for 
inoperable  tumors  should  be  attended  with  more  success  in  the  future 
than  in  the  past,  the  brain  is  a  more  favorable  region  for  their  appli- 
cation than  most  parts  of  the  body.  Its  soft  homogeneous  structure, 
insensitiveness,  the  absence  of  large  vessels  and  nerve  trunks  in  most 
of  it,  its  tolerance  of  small  lesions,  such  as  those  produced  by  elec- 
trolysis or  the  passage  of  needles,  the  facility  with  which  needles  can 
be  directed  with  the  instrument  to  selected  points  at  measured  inter- 
vals, are  obvious  advantages.  Numerous  punctate  or  linear  electrolytic 
lesions  are  well  borne  and  can  be  very  precisely  limited.  The  margins 
of  electrolytic  lesions,  examined  microscopically,  are  seen  to  pass 
abruptly  into  apparently  healthy  structure  and  when  a  small  electrolysis 
is  effected  by  an  insulated  needle  in  an  excitable  area,  if  the  needle  is 
advanced  2  mm.  immediately  afterwards  and  a  f aradic  stimulus  applied, 
it  elicits  a  normal  response,  showing  that  the  adjacent  structures  are 
scarcely  affected,  even  momentarily.  Experiment  may  show  the  pos- 
sibility of  utilizing  such  electrolytic  lesions  to  arrest  new  growths  in 
the  brain  by  cicatricial  contraction  and  it  might  be  expected  to  have 
more  success  in  this  region  than  elsewhere,  especially  if  the  lesions  were 
produced  at  measured  intervals,  representing  the  nodes  of  a  reticular 
arrangement  enveloping  a  tumor.  The  introduction  of  tubes  or  needles 
of  radium,  the  injection  of  serum  or  other  organic  fluids,  astringents 
or  alcohol,  present  no  difficulty  and  what  has  been  said  of  the  possi- 
bility of  improvement  in  the  diagnosis  and,  therefore,  the  treatment 
of  haemorrhage  would  be  equally  applicable  to  abscess  or  cysts.  The 
stereotaxic  method  and  instruments  are  applicable  to  such  purposes 
and  indispensable  for  most  of  them.  The  whole  subject  oflEers  a 
promising  field  for  study  and  investigation. 
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CHAPTER  II 

THE  STEKEOTAXIC  METHOD 

Essentials,  Topography,  Zero  Planes  and  Landmarks,  the  Horisontal 

Zero  Plane,  Correction  of  Variations  of  Size,  Preparation 

of  Charts  and  Sections,  Proportional  Scales 

It  appeared  desirable  to  begin  this  description  with  an  explanation 
of  the  scope  and  objects  of  the  stereotaxic  method  in  its  more  or 
less  evident  application  to  various  practical  purposes,  because,  when 
exhibiting  the  instrument,  the  first  questions  asked  me  have  been, 
"  What  is  the  use  of  it?  '^  and  "  What  is  the  advantage  of  introducing 
a  needle  into  the  brain?**  The  experimental  neurologist  does  not 
require  to  ask  those  questions,  but  for  everyone  the  interest  of  the 
matter  must  depend  a  good  deal  on  the  ends  he  has  in  view  and  the 
probability  of  their  attainment.  I  have,  therefore,  endeavored  to 
meet  enquiries  of  that  kind  at  the  outset  by  a  superficial  and  in  some 
respects  speculative  review  of  the  subject  which  we  must  now  proceed 
to  examine  in  detail.  The  stereotaxic  instrument  is  only  part  of  a 
method  which  includes  a  system  of  topography  and  a  series  of  charts 
without  which  the  machine  would  be  of  little  value.  This  has  been 
explained  in  the  first  part  of  the  Atlas  of  Sections  which  was  pub- 
lished in  the  Jowr.  f.  Psych,  u.  Neur'  and  which  some  of  my  readers 
may  have  seen.  Others,  however,  may  not  have  done  so,  or  may  have 
forgotten,  and  it  is  so  inconvenient  to  be  referred  for  essential  details 
to  some  work  or  paper  which  is  not  at  hand,  that  it  is  advisable  to 
introduce  a  short  explanation  suflBcient  to  make  subsequent  reference 
to  the  subject  intelligible. 

The  essentials  of  the  method  are : 

1.  A  system  of  topography  by  which  the  cranium  can  be  divided 
into  minute  areas  which  can  be  readily  identified  and  recorded. 

2.  The  stereotaxic  instrument  for  directing  a  needle  by  graduated 
movement  in  three  planes  to  any  point  in  the  cranium. 

3.  A  series  of  scale  photographs  of  sections  of  the  frozen  cranium, 
1  mm.  thick,  in  three  planes,  to  identify  and  localize  any  given  point 
so  that  the  instrument  can  be  adjusted  accordingly. 

18 
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4.  A  method  of  correcting  variations  in  size  in  three  dimensions 
applied  to  both  charts  and  instruments. 

Topography — It  is  not  practicable  to  make  accurate  measurements 
from  the  irregular  curved  surface  of  the  cranium,  but  any  point  can 
be  localized  by  rectilinear  measurement  from  central  section  planes 
determined  by  prominent  anatomical  features.  With  this  object  the 
cranium  is  divided  into  eight  segments  by  three  sections,  each  of 
which  is  perpendicular  to  the  other  two,  and  approximately  median 
in  relation  to  important  structures.  They  are  termed  sagittal,  frontal 
and  horizontal,  and  the  diameters  of  the  cranium  perpendicular  to 
these  planes,  transverse,  longitudinal  and  vertical,  respectively.  The 
eight  segments  into  which  the  cranium  is  divided  by  these  sections 
are  described  as  right  and  left,  frontal,  temporal,  occipital  and  cerebel- 
lar. The  three  internal  surfaces  of  each  segment  are  those  of  a  cube, 
and  any  point  in  a  segment  can  be  identified  by  three  perpendiculars 
of  correct  length  dependent  from  them.  Measurements  are  made 
from  both  sides  of  each  section  plane  which  coimts  as  zero. 

The  position  of  the  section  planes  is  determined  as  f oUows : 

Section  Planes. — A  line  is  drawn  from  the  center  of  the  auditory 
meatus,  determined  by  a  cone,  to  the  lowest  point  of  the  lower  margin 
of  the  orbit  on  each  side.  This  is  the  basai  horizontal  zero  plane. 
It  is  almost  entirely  below  the  brain,  and  to  secure  the  advantage  of 
measurement  from  both  sides  another  horizontal  zero  plane  is  con- 
structed above,  but  parallel  to  it.  The  distance  above  it  is  empirical, 
determined  by  convenience,  and  varies  with  the  species  of  animal 
employed.  In  the  monkey,  it  is  one-quarter  of  the  distance  from  the 
center  of  the  meatus  to  the  vertex,  on  a  line  perpendicular  to  the 
horizontal  plane;  in  the  cat  it  is  one-third  and  in  the  hedgehog 
one-half  of  this  distance,  the  difference  depending  on  the  relation  of 
the  interaural  line  to  the  brain  in  different  animals.  In  the  above 
instances  the  proportions  given  have  the  effect  of  bringing  the  upper 
line  to  something  like  the  same  distance,  viz.,  10  nmi.  above  the 
meatus  with  approximately  similar  relations  to  the  orbits.  A  frontal 
section  carried  down  the  line  referred  to  from  vertex  to  meatus  is 
the  frontal  zero  plane,  while  the  sagittal  zero  plane,  as  already  stated, 
is  the  median  sagittal  section  of  the  cranium,  determined  by  trans- 
verse measurement  through  corresponding  points  on  both  sides  and  by 
well-marked  anatomical  features. 
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Charts.  Secordi  and  Beference. — ^The  charts  are  photographs  of 
serial  sections  of  the  frozen  cranium  1  mm.  thick,  sawn  parallel  to 
each  of  the  three  zero  planes.  In  each  section,  lines  representing  the 
other  two  zero  planes  are  drawn  by  marks  for  which  the  cranium  has 
been  drilled  before  it  was  fixed  in  the  saw.  The  slices  are  called 
lamellae,  and  are  numbered  from  both  sides  of  the  zero  plane  to 
which  they  are  parallel,  the  number  of  a  lamella  indicating  the  num- 
ber of  millimeters  from  the  zero  plane  in  the  standard.  For  the 
purpose  of  reference  the  lamella,  or  the  photograph,  may  be  divided 
into  square  millimeters  by  lines  parallel  to  the  two  zero  lines  men- 
tioned. The  vertical  lines  (abscissae)  being  indicated  by  numerals, 
the  horizontals  (ordinates)  by  letters  of  the  alphabet.  They  are 
counted,  like  the  lamellae,  from  both  sides  of  the  zero  plane.  So,  by 
mentioning  the  segment,  the  lamella  and  a  letter  and  number,  any 
cubic  millimeter  is  at  once  identified  and  its  distance  from  the 
three  zero  planes  being  conveyed  by  the  same  indications,  the  requi- 
site data  are  furnished  for  directing  the  needle  with  the  stereotaxic 
instrument. 

The  above  is  a  short  summary  of  the  method  of  topography  of 
which  a  description  was  given  in  the  first  part  of  the  Atlas.*  It  is 
advisable  to  add  some  further  explanation  of  a  few  of  the  details  which 
have  been  alluded  to,  such  as  the  reasons  for  selecting  the  present 
zero  planes  and  adopting  two  horizontal  zeros,  corrections  for  size  and 
proportional  scales,  and  the  preparation  of  charts  and  microscopic 
sections.  Some  of  these  points  will  be  more  fully  discussed  in  another 
chapter,  but  a  short  explanation  will  meet  certain  difficulties  which 
may  suggest  themselves  at  this  stage. 

Zero  Planes  and  Landmarks. — ^With  regard  to  the  position  of  the 
central  zero  planes  and  the  anatomical  structures  by  which  they  may 
be  determined,  one,  the  median  sagittal  plane,  may  be  considered 
obvious,  being  the  natural  division  of  the  cranium  and  brain  into 
symmetrical  halves.  The  median  plane  can  be  determined  by  measure- 
ment, by  bisecting  transverse  diameters  drawn  through  correspond- 
ing points  on  both  sides  of  the  cranium  and  by  various  anatomical 
structures  which  indicate  the  median  Une,  sutures,  raphes,  commis- 
sures, etc.  These  indications  generally  agree  and  if  there  is  any  dis- 
crepancy it  is  usually  slight.  When  a  defect  is  appreciable,  for  the 
localization  of  a  structure,  the  anatomical  guides  are  to  be  preferred, 
as  there  may  be  a  defect  of  symmetry  evident  by  measurement  of  the 
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whole  transverse  diameter  of  the  cranium  without  aflfecting  the  rela- 
tion of  many  corresponding  points  within  the  brain  to  the  raph6  which 
lies  between  them.  In  the  selection  of  the  horizontal  and  frontal 
zero  planes  there  is  room  for  difference  of  opinion,  and  the  lines  and 
landmarks  most  suitable  for  cranial  topography  have  been  thoroughly 
considered  and  discussed  by  anatomists.  In  some  cases,  like  that  of 
the  Prankfort-Munich  plane,  points  selected,  e.  g.,  the  upper  border 
of  the  external  auditory  meatus,  may  be  applicable  only  to  bones  or 
dried  preparations  and  not  available  for  our  purpose.  Again  Chiene's, 
Griinbaum^s  and  Sherrington's  divisions  are  mainly  designed  for 
superficial  structures,  convolutions  and  sulci  and  the  meningeal  vessels. 
But  what  is  sometimes  called  Reid's  line  from  the  lowest  point  of 
the  lower  border  of  the  orbit  to  the  center  of  the  external  auditory 
meatus  (auricular  point),  which  can  be  determined  accurately  in  the 
living  subject  by  a  cone,  is  a  well-defined  constant  and  has  been 
adopted  as  the  base  line  or  basi-horizontal  zero  plane. 

Selection  of  Zero  Planes. — It  may  be  objected  that  a  line  drawn 
from  the  upper  margin  of  the  orbit  to  the  center  of  the  meatus  cor- 
responds more  closely  to  the  base  of  the  brain  and  is  preferable  to 
the  one  selected.  Anatomically  it  would  have  advantages  and  might 
have  been  adopted,  but  there  is  a  practical  objection  depending  on 
the  application  of  the  machine.  It  is  necessary  that  the  frame  or 
head-vice,  which  is  the  horizontal  zero  of  the  instrument,  should 
coincide  with  the  horizontal  zero  of  the  head  and,  as  the  machine  is 
too  heavy  to  be  supported  by  the  animal's  head,  it  is  suspended  from 
horizontal  cross-bars,  rotating  on  a  central  pivot,  by  four  springs 
which  afford  complete  support  without  interfering  with  free  move- 
ment in  every  direction,  which  is  essential  in  stimulation  experiments. 
When  the  head  is  fixed  so  that  the  present  base  line  coincides  with 
the  upper  border  of  the  frame  and  suspended  as  described,  the  obser- 
ver has  a  good  view  of  the  whole  face,  which  is  essential,  the  eyes 
and  mouth  being  especially  important;  but  if,  under  the  same  condi- 
tions, the  frame  is  made  to  coincide  with  the  line  from  the  upper 
border  of  the  orbit  to  the  meatus  a  good  view  of  the  face  is  not  obtained, 
a  defect  with  precludes  the  adoption  of  this  line.  On  the  whole,  the 
lower  margin  of  the  orbit  appears  to  be  the  best  level  for  the  basi- 
horizontal  plane  and  the  frame  is  fixed  so  that  its  upper  border 
coincides  with  it;  and  as  this  is  the  horizontal  zero  of  the  instrument 
from  which  the  scales  for  vertical  measurement  are  graduated,  it 
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follows  that  for  directing  the  movements  of  the  needle  for  operations 
and  for  measuring  and  comparing  the  vertical  diameters  of  heads 
it  is  most  convenient  to  reckon  from  this  line.  But  it  has  also  been 
mentioned  that  in  order  to  secure  the  advantage  of  measuring  from 
both  sides  of  the  zero  line  another  horizontal  zero  which  may  be  called 
the  mid-horizontal,  about  10  mm.  higher,  has  been  adopted  as  a 
standard  for  general  topographical  purposes.  This  appears  to  intro- 
duce needless  complication  and  requires  explanation.  With  the  first 
instrument  the  mid-horizontal  line  was  adopted  as  the  horizontal  zero 
for  all  purposes.  One  of  the  principal  reasons  for  selecting  it  was 
mechanical  necessity,  as  the  clamps  employed  at  that  time  were  not 
very  satisfactory  and  this  was  the  only  level  where  the  horizontal 
frame  oould  be  fixed  securely,  resting  on  the  bridge  of  the  nose  with 
its  lower  border  at  the  level  of  the  inner  canthus  bisecting  the  vertical 
diameter  of  the  orbit.  This  may  be  regarded  in  a  sense  as  a  "  natural  *' 
position  in  both  the  cat  and  monkey,  for  if  the  frame  is  fixed  a  little 
above  or  below  it,  unless  it  is  very  secure,  it  works  back  to  this  level. 
With  improved  clamps  the  frame  can  be  secured  with  its  upper  border 
level  with  the  base  line,  bringing  the  frame  about  20  mm.  lower  in 
relation  to  the  head  than  the  position  in  the  first  machine.  There  is 
a  decided  advantage  in  the  lower  level,  inasmuch  as,  the  cage  and  stage 
being  easily  removed,  the  whole  head  is  freely  exposed  for  shaving, 
trephining,  dressing,  etc.,  and  the  range  of  the  needle  is  much 
increased.  An  objection  to  making  the  mid-horizontal  line  the  prin- 
cipal or  only  zero  is  the  absence  of  anatomical  points  to  determine 
it.  The  inner  canthus  or  the  center  of  the  vertical  diameter  of  the 
orbit  may  serve  for  one,  but  there  is  nothing  posteriorly  except  a 
measured  distance  from  the  base  line  or  the  meatus;  and,  since  the 
vertical  diameters  of  different  heads  vary,  if  the  mid-horizontal  line 
is  to  maintain  the  same  relation  to  the  base  line  and  vertex,  as  it 
must,  its  height  above  the  base  must  be  a  constant  proportion  and 
not  a  fixed  number  of  millimeters.  For  this  reason,  the  proportions 
of  one-quarter  of  the  vertical  diameter  in  the  monkey  and  of  one-third 
in  the  cat  were  adopted  and  after  measuring  the  head  the  frame  had 
to  be  adjusted  accordingly  before  it  was  fixed.  In  both  animals  the 
lower  border  of  the  frame  came  to  the  level  of  the  inner  canthus  about 
10  mm.  above  the  lower  margin  of  the  orbit  and  the  center  of  the 
meatus.  This  level  was  adopted  for  measurements  of  the  instrument^ 
for  transverse  and  longitudinal  gauging  and  drilling  of  the  cranium^ 
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as  the  horizontal  zero  plane  for  segmental  division  and  topography, 
and  for  record  and  reference  in  notes  and  descriptions.  But  the 
adjustment  of  the  frame  after  measuring  the  head  required  a  special 
mechanism  at  both  orbital  and  aural  attachments  which  complicated 
the  instrument,  wasted  time  and  furnished  sufficient  reason  for  adopt- 
ing the  simpler  and  more  satisfactory  arrangement  now  in  use. 

These  considerations  appear  to  suggest  the  advisability  of  abolish- 
ing the  mid-horizontal  line  altogether  and  adopting  the  basi-horizontal 
line  as  the  horizontal  zero  for  all  purposes,  but  imfortunately  there 
are  some  for  which  it  is  unsuitable.  In  the  first  place,  it  does  not 
serve  for  longitudinal  and  transverse  measurements  of  the  cranium. 
It  is  desirable  that  these  should  always  be  made  at  the  same  level 
through  corresponding  points;  the  mid-horizontal  plane  serves  the 
purpose,  although  the  maximum  diameters  are  a  little  higher,  but 
the  maximum  points  are  not  absolutely  constant  and  not  much  greater 
than  those  at  the  mid-horizontal  plane ;  and  if  measurements  are  always 
made  at  this  level  they  probably  give  as  trustworthy  indications  for 
the  estimation  of  relative  size  as  elsewhere.  Again,  the  basi-horizontal 
line  falls  below  the  greater  part  of  the  brain  in  both  the  cat  and 
monkey,  and  if  it  is  employed  for  segmental  division,  the  advantage 
of  measurement  from  both  sides  of  it  is  sacrificed  and  the  cranium  is 
divided  into  four  segments  instead  of  eight.  This  segmental  division 
is  a  useful  one  topographically,  especially  for  affording  a  method  of 
recording  by  a  short  and  convenient  reference  any  cubic  millimeter 
in  the  brain  in  notes  and  descriptions  and  assisting  the  mental  recon- 
struction which  is  desirable. 

Two  Horizontal  Zeros  for  Different  Purposes. — ^A  review  of  the 
foregoing  considerations  leads  to  the  conclusion  that  both  the  basi- 
horizontal  and  mid-horizontal  planes  have  their  own  special  advan- 
tages, each  one  fulfilling  certain  indispensable  requirements  which 
cannot  be  met  by  the  other,  and  that  the  only  practicable  solution  of 
the  difficulty  of  selecting  one  of  them  as  the  horizontal  zero  plane  is 
to  retain  them  both,  employing  them  for  different  purposes.  It  is 
essential  that  the  basi-horizontal  line,  the  only  one  which  can  be  directly 
defined  by  precise  anatomical  landmarks,  should  coincide  with  the 
frame,  which  is  the  horizontal  zero  of  the  instrument,  and  thus  form 
a  common  zero  from  which  vertical  measurements  for  estimating  varia- 
tions of  that  dimension  in  different  heads  are  made  and  the  movements 
of  the  needle  directed.    It  is  equally  necessary  that  a  higher  level,  the 
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relative  position  of  which  is  constant^  should  be  adopted  for  drilling 
and  gauging  in  the  transverse  and  longitudinal  diameters  and  for  seg- 
mental division  for  topographical  purposes  and  reference^  and  the  mid- 
horizontal  line^  as  described,  is  the  most  suitable  for  these  purposes. 
The  objection  that  the  adoption  of  two  horizontal  zeros  may  lead  to 
confusion,  even  if  well  foimded,  cannot  compare  in  importance  with 
the  positive  advantages  enumerated;  and  it  does  not  seem  probable 
that  when  the  different  objects  are  clearly  recognized,  there  will  be  any 
difficulty  in  keeping  these  purposes  and  the  zero  planes  which  serve 
them  distinct  and  the  use  of  the  terms  basi-horizontal  and  mid-hori- 
zontal facilitates  the  distinction.  Both  lines  are  shown  in  the  atlas 
of  photographs  of  sections  of  the  brain  of  the  rhesus  monkey  prepared 
by  Henderson  and  myself  and  published  with  this  description. 

Correctioni  for  Variationi  of  Size. — ^The  topographical  divisions 
described  would  be  very  simple  if  the  heads  of  the  same  species  of 
animal  were  always  the  same  size  in  all  dimensions,  and  the  chief 
difficulty  encotmtered  is  in  adjusting  the  divisions  and  measurements 
to  the  variations  in  three  dimensions  which  must  entail  corresponding 
variations  in  either  (1)  the  number  or  (2)  the  size  of  the  divisions. 
We  can  take  our  choice  of  these  alternatives  and  there  can  be  no 
question  that  the  latter  is  to  be  preferred.  It  is  important  that  each 
lamella  should  always  contain  the  same  structures  and  that  a  refer- 
ence should  always  mean  the  same  thing;  hence,  the  number  of  divi- 
sions must  be  constant  and  their  variation  in  size  must  be  accepted 
and  regulated  by  the  use  of  proportional  scales.  If  a  cranium  of 
average  size  is  adopted  as  a  standard  in  which  the  imits  of  measure- 
ment are  millimeters,  when  the  dimensions  are  greater  or  less  than 
in  the  standard,  the  units  are  coordinates  bearing  the  same  proportion 
to  millimeters  as  the  whole  dimension  does  to  that  in  the  standard; 
in  other  words,  all  heads  are  reduced  to  the  common  measure  of 
the  standard  for  that  species  in  all  dimensions  and  the  units  of  mea- 
surement, whether  millimeters  or  coordinates,  are  regarded  as  milli- 
meters. This  method  is  followed  in  the  construction  of  charts.  The 
heads  from  which  the  sections  are  cut  vary  in  size,  they  are  measured 
and  the  necessary  corrections  made  to  reduce  them  to  the  standard  in 
dll  dimensions.  The  number  of  lamellse  in  each  dimension  is  always 
the  same,  but  their  thickness  is  varied  by  regulating  the  saw  with  which 
they  are  cut  by  a  proportional  scale  which  is  set  to  measure  millimeters 
or  more,  or  less,  as  the  whole  dimension  is  of  standard  size,  or  more,  or 


Digitized  by 


Google 


Investigation  of  the  Central  Nervous  System  26 

less.  The  square  millimeters,  into  which  every  lamella  in  the  standard 
is  divided,  are  modified  in  the  same  way  and  a  corrected  scale,  propor- 
tional to  the  two  dimensions  of  the  selected  head  represented,  is  fur- 
nished with  each  photograph  and  employed,  instead  of  millimeter 
scales,  to  measure  the  distance  of  any  point  in  the  section  from  the 
zero  lines.  After  the  selected  head  has  been  measured,  before  it  is 
removed  from  the  gauging  and  drilling  cage,  the  position  of  the  zero 
plane  is  marked  on  the  surface  and  the  cranium  is  drilled  at  three 
points  perpendicular  to  the  plane  of  the  proposed  sections.  One  punc- 
ture is  at  the  intersection  of  the  two  perpendicular  planes  and  the  other 
two  10  mm.  on  each  side  of  it  in  one  of  these  planes.  The  punctures 
of  the  drill  appear  as  dots  in  every  section  and  with  their  help  the 
crossed  lines  representing  the  zero  planes  perpendicular  to  it  can  be 
defined.  A  needle  is  left  in  the  central  puncture  and  is  used  to  adjust 
the  head  accurately  in  the  vice  of  the  saw.  Heads  are  kept  till  suflB- 
ciently  stained  and  hardened  in  formalin  6  per  cent  and  potassium 
bichromate  2  per  cent.  They  are  then  frozen  in  carbonic  acid  snow 
and  adjusted  in  the  vice  of  the  saw;  the  scale  of  the  saw,  which  is 
composed  of  silk  threads,  is  set  in  accordance  with  the  measurements 
of  the  dimension  to  be  cut,  the  intervals  being  actually  or  approxi- 
mately 2  mm.  With  the  saws  now  used  little  more  than  .5  nam.  is 
destroyed  by  each  saw  cut  and  the  slices  are  therefore  nearly  1.6  nam. 
thick.  Each  slice  represents  two  lamellae  and  both  surfaces  are  photo- 
graphed. Scales  are  prepared  corresponding  to  the  diameters  of  the 
crossed  zero  lines  and  attached  to  the  photographs. 

Microscopic  Sections. — ^It  is  an  advantage,  especially  for  students, 
to  carry  out  the  same  topograhical  methods  in  the  preparation  of  micro- 
scopic sections,  for  in  this  way  the  localization  and  description  of 
lesions  and  degeneration  are  facilitated.  Sections  should  be  cut  parallel 
to  one  of  the  zero  planes  and  the  division  into  the  standard  number  of 
lamellae  for  each  dimension  maintained.  The  procedure  is  described 
in  Chapter  VI. 

Beferenoes  and  Eeoords. — It  has  been  mentioned  that  any  cubic 
millimeter  in  the  brain  can  be  identified  and  recorded  by  a  simfde 
formula  giving  the  segment,  lamella  and  the  number  of  millimeters, 
or  coordinates,  between  the  given  point  and  the  zero  lines  of  the 
lamella.  To  distinguish  the  latter,  letters  of  the  alphabet  may  be 
employed  for  the  vertical  units  and  numerals  for  the  horizontal.  This 
is  applicable  only  to  sagittal  and  frontal  lamellae.  If  they  are  hori- 
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zontal,  the  zero  plane  must  be  distinguished  by  a  letter  T  or  L,  for 
transverse  or  longitudinaL  But  as  it  is  very  easy  to  transpose  the  indi- 
cations for  one  dimension  to  another^  it  is  best  to  make  all  references 
in  the  sagittal  plane  and,  if  that  is  understood,  the  word  sagittal  may 
be  omitted.  Left  frontal  segment,  (sagittal)  lamella  YI,  M,  indicates 
a  cubic  millimeter,  6  mm.  to  the  left  of  the  sagittal,  2  mm.  above  the 
mid-horizontal  and  4  mm.  in  front  of  the  frontal  zero  planes,  respec- 
tively. As  comparatively  high  numbers  and  still  more  late  letters  of 
the  alphabet  are  more  difficult  to  follow  than  the  earlier  ones  it  may 
be  convenient,  when  high  numbers  are  involved,  to  divide  the  surface 
of  each  lamella  into  5  mm.  squares,  called  divisions  or  blocks,  dis- 
tinguishing the  vertical  ones  by  capital  letters  and  the  longitudinal 
by  Soman  numbers,  the  small  letters  and  the  ordinary  numerals  being 
still  retained  for  single  millimeters  or  coordinates,  "nius  Dc  would 
represent  23  mm.  or  coordinates  vertically  and  III  2,  17  mm.  longi- 
tudinally. 

Proportional  Scales. — ^Two  kinds  of  proportional  scale  are  employed 
and  fully  described  in  a  later  chapter.  The  most  accurate  form  is 
constructed  of  parallel  silk  threads  stretched  between  equidistant  pegs 
arranged  on  opposed  sway  bars,  the  inclination  of  which  approxi- 
mates all  the  threads  and  diminishes  the  spaces  between  them  equally. 
It  is  perfectly  accurate,  although  not  always  applicable,  but  is  employed 
with  the  saw  and  with  the  indicator,  which  will  be  described  presently. 
In  the  rectilinear  machine,  however,  where  the  movements  of  the 
needle  in  three  dimensions  are  directed  by  scales  attached  to  the 
instrument  this  form  would  be  too  cumbersome,  and  a  proportional 
scale  (pi.  IX)  is  employed,  consisting  of  a  spiral  spring  enclosed  in 
a  tube,  one  side  of  which  is  cut  away  to  expose  the  spring,  whose  spirals 
are  units  of  measurement.  When  relaxed,  the  spirals  are  rather  less 
than  1  mm.  apart ;  by  a  slight  extension  of  the  spring,  which  can  be 
fixed  anywhere,  the  spaces  measure  millimeters  or  more,  and  with 
a  little  care  in  adjustment  are  sufficiently  accurate  though  not  equal 
to  the  silk  threads.  However,  for  the  purpose  required,  an  error  of 
a  small  fraction  of  a  single  millimeter  is  not  important^  but  a  cumula- 
tive error  which  may  sum  up  in  a  whole  dimension  to  several  milli- 
meters is  serious  and  such  a  risk  is  completely  prevented  by  the  spring 
scales. 

Oanging  of  Cranium. — The  first  proceeding  in  an  operation  on  a 
selected  animal  is  to  apply  the  gauging  and  drilling  cage  and  take 
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the  measurement  of  each  dimension^  from  the  central  zero  plane  to  the 
parallel  surface  of  the  bone,  with  the  needle  gauge.  The  points  of 
measurement  correspond  to  the  three  zero  planes;  the  dimension 
recorded  being  perpendicular  to  one  and  parallel  to  the  other  two 
and  taken  at  the  point  of  intersection  of  the  latter.  The  measurement 
of  each  dimension  is  compared  with  the  standard  and  the  proportional 
scale  used  for  that  dimension  is  set  accordingly.  The  number  of 
divisions  of  the  proportional  scale  is,  therefore,  the  same  as  in  the 
scales  of  the  chart  and  both  are  regarded  as  millimeters,  although 
in  reality  neither  of  them  may  be  millimeters  and  they  may  not  measure 
the  same.  But  they  are  treated  as  identical  and  all  movements  of  the 
needle  and  measurements  of  selected  points  regulated  by  them,  the 
result  being  the  same  as  if  all  the  heads  selected  were  of  standard  size 
in  all  dimensions  and  the  units  of  measurement  were  millimeters. 

The  following  are  the  dimensions  of  the  standard  cranium  of  the 
rhesus  which  have  been  adopted  in  accordance  with  the  method  for 
the  chart  sections  of  the  atlas  for  which  all  measurements  were  made 
with  the  needle  gauge  in  the  special  cage  shown  in  Plate  XXXIV. 

Longitudinal  diameter:  Prefrontal,  50  mm.  Poetf rental, 
30  mm.    Total,  80  mm. 

Transverse  diameter:  Right  half,  80  mm.  Left  half,  80  mm. 
Total,  60  mm. 

Vertical  diameter:  Supra-horizontal,  30  mm.  Suh-horizontal, 
10  mm.    Total,  40  mm. 

Longitudinally  the  prefrontal  dimension  extends^n  the  median 
sagittal  line  from  the  frontal  zero  plane  to  the  glabella.  The  post- 
frontal  from  the  same  zero  plane  to  the  occipital  protuberance  (inion). 

Transversely  each  half  is  measured  laterally  from  the  sagittal  zero 
plane  to  the  point  of  intersection  of  the  frontal  and  mid-horizontal 
zero  planes  on  the  surface  of  the  cranium. 

Vertically,  the  lower  quarter  extends  from  the  mid-horizontal  zero 
plane  to  the  interaural  line ;  the  upper  three-quarters,  from  the  same 
zero  plane  to  the  point  of  intersection  of  the  sagittal  and  frontal  zero 
planes  on  the  vertex. 

The  figures  given  are  very  near  the  average  of  a  large  number  of 
heads  that  have  been  measured  and  are  fortunately  very  convenient 
numbers  for  comparison. 

In  the  paper  in  Brain  previously  referred  to*  the  average  dimen- 
sions of  32  heads  of  the  rhesus  were  given.    They  differ  slightiy  from 
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the  above,  but  the  discrepancy  is  very  slight  and  is  due  to  improved 
methods  of  measuremait  which  are  now  adopted.  If  the  two  sets  of 
figures  are  compared,  it  will  be  seen  that  in  the  vertical  diameter  they 
are  the  same.  The  total  longitudinal  diameter  is  80  mm.  in  both, 
but  differently  divided;  in  the  paper,  the  prefrontal  and  postf rental 
divisions  are  given  as  47  and  33  mm.  instead  of  50  and  30  mm.  as 
above;  and  the  transverse  measurement  is  32  mm.  on  each  side  or 
64  nun.  altogether  instead  of  60,  a  difference  of  4  mm.  in  the  whole 
dimension.  The  explanation  is  that  in  the  first  place  the  measure- 
ments in  Brain  were  made  with  calipers  and  included  the  skin,  and 
secondly  they  represented  the  maximum  transverse  diameter,  whereas 
now  they  are  always  taken  with  the  needle  gauge  to  the  surface  of  the 
bone  and  between  the  same  points,  viz.,  the  intersection  of  the  frontal 
and  mid-horizontal  zero  planes  on  each  side,  and  this  is  generally  not 
quite  the  maximum  diameter  as  already  explained. 

The  difference  in  the  longitudinal  measurement  is  also  due  to  an 
improved  method.  Formerly  it  was  made  with  calipers  from  the 
anterior  termination  of  the  mid-horizontal  line  a  little  below  the 
nasion  to  the  inion,  including  the  integuments,  which  in  the  latter 
region  are  rather  thick.  The  needle  gauge,  penetrating  to  the  bone, 
makes  the  posterior  measurement  from  the  frontal  zero  plane  to  the 
inion  rather  less ;  but  in  front,  measuring  in  a  cage  between  perpen- 
diculars, we  consider  the  glabella,  which  is  the  most  prominent  point 
of  the  craniun^  the  best  feature  for  the  purpose.  The  result  is  that 
the  anterior  longitudinal  dimension  is  rather  more,  the  posterior 
rather  less  than  the  former  estimate,  but  the  total  diameter  is  ttie  same. 
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CHAPTER  III 

8TEEE0TAXIC  INSTBTniEENTS 

Directing  Mechanism,  Oeneral  Description,  Principles 
and  Bequirements 

Principles. — We  have  now  to  consider  the  mechanical  direction  of 
some  form  of  needle  or  fine  instrument  to  any  desired  point  in  the 
cranium.  The  position  of  the  three  zero  planes  and  the  method  of 
determining  and  expressing  their  relation  to  any  point  have  been 
explained  and  the  principle  of  the  required  mechanism  may  be  defined 
by  a  few  self-evident  propositions : 

1.  If  we  know  the  distance  of  a  given  point  in  the  cranium  from 
each  of  the  three  zero  planes  and  can  direct  a  needle  to  any  required 
distance  from  these  planes,  we  can  direct  it  to  the  given  point 

2.  There  is  no  mechanical  difficulty  in  constructing  a  needle-carrier 
fitted  to  rectilinear  traversing  guides,  or  to  an  equatorial,  like  that 
used  with  an  astronomical  telescope,  either  arrangement  being  so  dis- 
posed in  relation  to  three  central,  mutually  intersecting  planes,  each 
of  which  is  at  right-angles  to  the  other  two,  that^  within  the  limits 
of  its  excursion,  the  needle  can  be  directed  by  graduated  movements 
to  any  point  of  known  distance  from  the  three  planes. 

3.  If  we  fix  the  head  in  such  a  structure  so  that  the  three  zero 
planes  of  the  cranium  and  instrument  coincide,  the  needle  can  be 
directed  to  any  point  in  the  cranium  of  known  distance  from  its 
three  zero  planes. 

Bequirements. — ^Assuming  the  accuracy  of  these  principles,  the 
next  consideration  is  the  most  suitable  instrument  to  give  them  effect. 
As  with  most  mechanical  contrivances,  we  are  confronted  with  various 
practical  difficulties,  the  solution  of  which  is  often  a  compromise, 
advantages  in  the  one  direction  being  purchased  by  sacrifice  in  another; 
and  the  most  efficient  instrument  may  not  be  worth  its  cost,  compared 
with  a  cheaper  one.  The  instruments  here  described  have  been  evolved 
by  attempts  to  solve  these  problems  and,  as  far  as  ihej  go,  are  a  prac- 
tical answer  to  questions  respecting  the  nature  and  relative  importance 
of  the  principal  requirements,  of  which  the  following  may  be  enu- 
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merated:  Accuracy  of  adjustment  and  measurement;  scales  which 
register  the  position  of  the  needle^  or  similar  instrumaits^  in  all  cir- 
cumstances without  involving  calculation;  speed  and  simplicity;  ade- 
quate rigidity;  provisions  for  introducing  and  changing  various  forms 
of  needles  for  cutting,  electrolysis,  or  faradic  stimulation  and  arrange- 
ments for  correcting  variations  of  size  of  different  heads  in  three 
dimensions;  electrical  connections  are  also  necessary  for  directing 
constant  or  faradic  currents  through  the  needle  by  different  routes. 
In  the  descriptions  and  illustrations  the  reader  will  recognize  the 
purpose  of  numerous  contrivances,  draw  his  own  conclusions  as  to 
their  adequacy  and  perhaps  see  his  way  to  improvements. 

Present  Instrument:  Two  Patterns. — Three  stages  may  be  noted 
in  the  development  of  the  instrument  in  its  present  form.  In  the 
first,  the  movements  of  the  needle  are  entirely  rectilinear  and  are 
measured  directly  by  millimeter  scales  engraved  on  the  guides  of  the 
machine  or  attached  to  them.  The  next  step  was  to  supplement  the 
rectilinear  movements  and  give  a  greater  range  to  the  needle,  by  pro- 
viding for  its  inclination  at  various  angles,  but  only  in  one  plane  and 
in  one  direction  in  each  position,  of  which  there  are  seven.  These 
inclined  movements  are  measured  and  regulated  and  the  corrections 
for  size  effected  by  an  indicator  of  either  two  or  three  dimensions; 
while  in  the  latest  pattern  universal  movements  of  the  needle,  from  any 
position,  are  secured  by  fitting  it  to  a  form  of  equatorial  and  all  move- 
ments and  corrections  for  size  are  determined  by  a  three-dimensioned 
indicator.  The  range  and  flexibility  of  the  needle  have  been  much 
extended  and  the  utility  of  the  instrument  increased  by  the  introduc- 
tion of  indicators  of  two  or  of  three  dimensions;  they  will  be  fully 
described  and  illustrated  in  their  place,  but  some  account  of  them 
will  be  given  in  this  chapter.  Direct  measurement  of  inclined  or  uni- 
versal movements  of  the  needle,  out  of  sight,  and  with  necessary  cor- 
rections for  variations  in  the  size  of  different  heads,  was  not  foimd 
practicable,  but  a  satisfactory  alternative  is  obtained  by  reproducing 
an  exact  representation  of  the  mechanism  by  which  the  needle  is 
directed  to  an  objective  in  the  cranium,  at  a  given  distance  from  its 
three  zero  planes  in  another  instrument,  the  indicator,  where  the 
structures  are  visible  and  the  needle  can  be  guided  by  sight  to  an  index 
point  at  the  same  distance  from  three  coincident  index  planes  and 
the  movements  repeated  by  corresponding  scales  in  the  machine  which 
contains  the  head.    This  method  has  great  advantages,  but  for  simple 
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rectilinear  movements  a  cheaper  instrument  can  be  employed.  For 
such  movements  no  indicator  is  required^  the  rectilinear  machine  is 
sufficient  and  is  much  less  expensive  than  the  complete  instrument 
with  equatorial  and  indicator.  This  machine  cannot  therefore  be 
considered  obsolete  and  I  propose  to  give  here  a  short  general  account 
of  it  and  the  methods  of  measurement  adopted^  followed  by  a  similar 
description  of  the  inclined  needle  adapted  to  this  machine  and  the 
two-dimensioned  indicator  by  which  its  movements  can  be  regulated, 
and  finally,  of  the  equatorial  and  three-dimensioned  indicator.  This 
description  will  supplement  and  not  supersede  the  detailed  accoimt  of 
all  the  instruments  which  will  follow  and,  although  it  involves  a 
certain  amount  of  repetition,  it  will  make  the  subject  more  intelligible 
to  begin  with  such  a  general  survey.  The  complete  descriptions  of  all 
the  instruments  which  it  is  necessary  to  introduce  contain  a  number 
of  details  which  it  is  tedious  and  confusing  to  follow  before  their 
objects  and  mutual  relations  are  recognized,  but  if  the  reader  obtains 
a  general  impression  of  the  nature  and  objects  of  the  various  instru- 
ments and  the  method  of  using  them,  he  can  then  follow  the  detailed 
descriptions  as  far  as  he  pleases. 

Frequent  reference  has  been  made  to  corrections  for  size,  which  is  an 
indispensable  consideration  with  any  form  of  instrument,  and  as  the 
problems  it  raises  and  the  provisions  for  solving  them  must  be  fre- 
quently encountered,  it  will  be  convenient  to  discuss  them  first. 

Corrections  for  Size. — If  the  heads  of  animals  of  the  same  species 
were  all  the  same  size,  the  application  of  the  foregoing  principles 
would  be  simple.  We  need  only  prepare  a  series  of  charts  of  the 
cranium  of  the  selected  species,  from  sections  1  mm.  thick,  in  one  or 
more  planes,  photographed  to  scale,  with  crossed  lines  indicating  the 
other  two  zero  planes  in  each  chart,  to  enable  the  operator  to  ascertain 
the  distance  of  any  point  from  the  three  zero  planes  and  direct  the 
needle  by  those  measurements  to  reach  the  same  point  in  the  head, 
already  adjusted  and  fixed  in  the  machine.  But  as  variations,  in  any 
dimensions,  of  selected  heads  are  to  be  expected  and  may  be  consider- 
able, a  method  of  correction  is  indispensable  and  the  following  has 
been  adopted. 

A  standard  head  of  approximately  average  dimensions  is  assumed 
and  divided  by  imaginary  sections,  parallel  to  the  zero  planes,  into 
cubic  millimeters,  each  slice  or  lamella  being  1  mm.  thick  and  sub- 
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divided  into  square  millimeters.  By  these  divisions  or  ordinatee  the 
distance  of  any  point  from  the  zero  planes  can  be  readily  ascertained. 

Charts. — ^This  theoretical  standard  is  represented  by  charts,  vrhidi 
are  scale  photographs  of  sections  of  the  frozen  cranium,  in  one  or  more 
planes,  cut  with  a  special  saw,  described  in  the  first  part  of  the  atlas. 
Since  it  is  very  difficult  to  find  heads  of  exactly  standard  dimensions, 
while  the  number  of  lamelka  and  their  subdivisions  must  be  constant^ 
the  size  of  all  subdivisions  must  vary  proportionally  to  corresponding 
dimensions  of  the  head.  This  is  effected  by  proportional  scales.  As 
the  heads  selected  for  charts  may  be  larger  or  smaller  than  the  stand- 
ard, the  lamellse  may  be  more,  or  less,  than  1  mm.  thick  and  the 
square  millimeters  or  coordinates,  into  which  they  are  divided,  may 
measure  more  or  less  than  1  mm.  in  either  dimension.  The  head  to 
be  sawn  is  measured  with  the  needle  gauge  (26)  in  the  measuring 
cage  (PI.  XXXIV),  the  result  in  millimeters  is  noted  for  each  dimen- 
sion and  compared  with  the  standard  and  the  proportional  scales  are 
set  accordingly.  The  scale  now  used  with  the  saw  for  regulating  the 
thickness  of  the  lamellas  is  a  grating  of  parallel  silk  threads  stretched 
between  opposing  sway  bars.  The  threads  are  approximated  by  inclin- 
ing the  bars  and  can  be  set  at  intervals  of  1  mm.  or  more,  or  less,  by 
direct  measurement,  or  by  quadraot  scales  with  which  the  grating  is 
provided ;  the  spaces  between  the  threads  being  the  coordinates  which 
determine  the  thickness  of  the  lamellae  cut  by  the  saw.  A  reticulated 
screen  is  formed  by  two  such  gratings,  one  being  superimposed  upon 
the  other,  at  right-angles  to  it;  when  the  intervals  in  both  gratings 
are  equal,  the  meshes  form  squares,  but  as  the  gratings  can  be  adjusted 
independently,  the  meshes  may  measure  millimeters,  or  more,  or  less, 
in  either  dimension.  The  subdivisions  of  the  lamellae  are  regulated 
by  this  screen;  in  the  standard  they  are  square  millimeters;  in  the 
selected  head,  the  same  number  of  divisions  are  made  to  measure  milli- 
meters, or  more,  or  less,  in  either  direction  as  the  whole  dimensions 
measure  the  same  as  the  standard,  or  more,  or  less. 

The  corrected  screeni  serve  as  scales  of  measurement  which  are 
photographed  with  the  lamellae,  bringing  them  in  both  dimensions  to 
the  common  measure  of  the  standard  head.  This  is  the  method  of 
preparing  standard  photographs  or  charts. 

Measurement  of  Heads. — The  heads  selected  for  operation  must  be 
measured  and  their  dimensions  compared  with  the  standard  in  a 
similar  way.    If  desired,  millimeter  scales  may  be  used  for  directing 
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the  needle^  the  necessary  corrections  for  each  movement  in  three  dimen- 
sions being  made  by  calculation  or  tables.  It  will  be  foimd  in  prac- 
tice that  whai  a  number  of  observations  are  required^  as  in  stimula- 
tion experimaits,  such  constant  interruptions  as  this  involves  are 
irksome  and  a  mechanical  method  which  effects  the  correction  auto- 
matically is  preferable.  Two  methods  of  this  kind  have  been  employed. 
For  simple  rectilinear  movements  a  form  of  extensible  scale  (PL  IX) 
is  used  which  consists  of  a  small  steel  spring  enclosed  in  a  tube  with 
a  longitudinal  slot  to  expose  the  spring,  the  spirals  of  which  serve  as 
divisions  of  the  scale.  When  the  spring  is  slightly  extended,  the  spirals 
are  1  nun.  apart;  they  can  be  fixed  at  any  point  and  made  to  measure 
millimeters,  or  more,  or  lees.  The  rectilinear  machine  is  provided 
with  three  of  these  scales  to  direct  the  excursion  of  the  needle  in  three 
planes,  and  for  this  purpose  they  are  regarded  as  ordinary  millimeter 
scales;  with  a  little  care  in  setting  them  they  are  sufficiently  accurate. 

Adjustable  Gratings. — ^The  gratings  of  silk  threads,  already  men- 
tioned, are  employed  with  the  same  machine,  in  a  two-dimensioned 
indicator  (PL  XXVI)  to  direct  the  movements  of  the  inclined  needle, 
and  three  such  screens  are  combined  in  a  three-dimensioned  indica- 
tor (PL  XXVII)  in  the  later  modification.  These  gratings  are  the 
most  satisfactory  form  of  proportional  scale;  they  are  perfectly  accu- 
rate and  quickly  adjusted.  The  three-dimensioned  indicator  is  used 
to  direct  the  movements  of  an  operating  instrument  constructed  on 
the  principle  of  an  equatorial,  which  gives  the  needle  universal  move- 
ment, an  obvious  advantage.  Thus,  by  measurement  from  central  zero 
planes  with  proportional  scales,  all  heads,  whether  used  for  charts  or 
operations,  are  reduced  to  the  common  measure  of  the  standard  head 
in  all  dimensions  and  the  coordinates  which  form  the  units  of  measure- 
ment are  equivalents  of  millimeters  in  the  standard  and  are  regarded 
as  identical. 

Having  now  given  a  summary  of  the  principles  on  which  the  stereo- 
taxic method  is  founded,  a  sketch  of  the  use  of  charts,  their  prepara- 
tion, corrections  for  size,  measurement  by  proportional  scales  and  the 
application  of  the  same  means  to  correct  variations  in  the  dimensions 
of  heads  selected  for  operation,  I  propose  to  complete  this  chapter 
with  a  brief  review  of  the  procedure  adopted  to  direct  and  measure  the 
movements  of  the  needle  in  the  two  patterns  of  machine,  including 
the  two  forms  of  indicator  which  have  been  mentioned. 
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Operating  Mechanism.    Direction  and  Measurement 
OP  Movements 

A  selected  animal  having  been  prepared  and  ansBsthetized^  the  first 
step  is  to  measure  the  head  in  three  dimensions  with  a  needle  gauge, 
which  gives  the  cranial  measurements  free  from  errors  due  to  varia- 
tions in  the  thickness  of  integuments,  hair  and  muscles.  With  the 
rectilinear  machine  a  needle  gauge  (PI.  XXIV)  may  be  used  with  a 
rectangular  cubical  skeleton  table,  the  cage  (PL  X,  64)  attached  to 
the  head  by  the  basal  frame  or  head- vice  (PI.  V).  This  is  a  quadri- 
lateral, horizontal  frame  which  surrounds  the  head  at  the  level  (22-23) 
of  the  basal  plane  and  is  fixed  to  it  by  two  pairs  of  graduated  screw 
clamps.  By  a  pair  of  aural  pivots  (25)  and  orbital  brackets  (PL  II,  9) 
secured  by  a  face-piece  or  mask  (PL  II)  and  bit  (8),  the  upper  border 
of  the  frame  is  made  to  coincide  with  the  center  of  the  meatus  and  the 
lower  border  of  the  orbit  on  both  sides,  t.  e.,  the  basal  zero  plane,  and 
it  is  clamped  in  this  position.  At  the  same  time,  as  the  clamps  and 
aural  pivots  are  graduated  and  made  to  correspond  on  both  sides,  the 
head  is  centered,  so  that  the  median  longitudinal  plane  of  the  frame 
coincides  with  the  median  sagittal  plane  of  the  head.  The  basal  and 
sagittal  zero  planes  of  the  frame  and  head  therefore  coincide  and  the 
frontal  zero  plane  is  also  identical  in  both  as  it  is  drawn  through 
the  centers  of  the  aural  pivots  and  auditory  meatus  at  right-angles 
to  the  line  from  the  center  of  the  meatus  to  the  lowest  point  of  the 
orbit,  i.  e.,  the  upper  border  of  the  basal  frame.  The  basal  frame  or 
head-vice  and  the  method  of  applying  it  are  identical,  whichever 
operating  instrument  is  subsequently  employed,  and  with  both  measure- 
ments are  made  with  a  needle  gauge  applied  to  a  cage,  but  the  latter  is 
constructed  in  two  forms.  The  cage  (PL  X,  64)  is  an  essential  part 
of  the  rectilinear  instrument.  The  traversing  stage  (PL  XIII)  and 
needle  carrier  (71)  are  applied  to  its  free  surfaces  and  these  also 
serve  as  bases  for  the  needle  gauge  which  is  merely  a  form  of  depth 
gauge  (PL  XXII).  But  in  the  later  machine,  for  operative  purposes, 
the  equatorial  (PL  XXX)  takes  the  place  of  the  cage,  which  is  then 
required  only  for  measurement  with  the  needle  gauge,  and  it  is  there- 
fore advisable  in  this  case  to  employ  a  cage  constructed  solely  for 
gauging  and  drilling  (PL  XXXIV).  The  drill  may  not  be  wanted, 
but  as  the  same  guides  serve  for  both  gauging  and  drilling,  the  addi- 
tional cost  of  it  is  trifling,  and  it  is  an  advantage  that  it  should  be 
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available^  if  required.  The  objects  for  which  it  is  necessary  are 
explained  in  Chapter  V.  It  is  suflBcient  to  mention  here  that  with 
the  rectilinear  machine  the  ordinary  cage  is  employed;  the  measure- 
ments in  all  available  dimensions  are  taken  with  the  needle  gauge 
(PL  XXII),  and  then  the  traversing  stage  (PI.  XIII)  carrying  the 
operating  needle  is  applied  to  the  same  cage.  If,  however,  the  equa- 
torial be  used,  a  special  measuring  and  drilling  cage  (PL  XXXIV), 
which  includes  a  needle  gauge  (26) ,  is  employed  for  measurement  only, 
then  removed  and  the  equatorial  substituted.  Both  forms  of  cage  are 
furnished  with  four  similar  feet  (PL  X,  67-68)  carrying  bolts  which 
fit  into  slots  in  the  head-vice  (PL  V,  42-43)  and  are  then  locked. 

Adjustment  of  Spring  Scales. — ^In  the  rectilinear  machine,  after  the 
selected  cranium  has  been  measured  and  the  three  adjustable  spring 
scales  (PL  IX)  have  been  set  in  accordance  with  its  dimensions,  their 
divisions  will  have  the  same  proportion  to  millimeters  as  the  whole 
dimensions  of  the  selected  head  have  to  the  standard,  and  the  needle 
is  directed  by  these  coordinates  instead  of  millimeters.  The  next  step 
is  the  application  to  the  cage  (PL  X,  64)  of  the  traversing  stage  (PL  X, 
69)  which  carries  the  needle. 

The  Trayersing  Stage. —  The  needle  carrier  (PL  XIII,  71)  is 
mounted  on  a  quadrilateral,  rectangular  frame  (PL  XIII,  69),  like 
a  microscope  stage,  with  rack  and  pinion  movements  in  both  direc- 
tions. The  carrier  (71)  consists  of  a  slide  block  travelling  on  the 
transverse  guides  of  the  stage  (70  a,  70  6).  Attached  to  this  block, 
perpendicular  to  the  stage,  is  a  grooved  plate,  the  outer  sheath  (PL 
XIII,  72),  in  which  the  inner  sheath  (PL  XIV,  93)  of  the  needle- 
holder  slides.  The  outer  sheath  is  attached  to  the  slide  block  by  a 
pivot  and  quadrant  (Pis.  X,  XI,  XII,  77)  providing  an  inclination 
of  25**  in  one  plane  and  direction,  and  the  bed  of  the  needle  (PL  XIV, 
94)  can  be  projected  from  the  inner  sheath  by  rack  and  pinion,  com- 
pleting the  graduated  movements  of  the  operating  needle  in  three 
planes. 

The  excursions  are  registered  by  millimeter  scales  to  which  exten- 
sible spring  scales  are  fitted  and  both  are  read  simultaneously  by  the 
same  index.  By  means  of  steady  pins  and  clamps  the  stage  can  be 
fixed  to  any  of  the  free  surfaces  of  the  cage,  above  (PL  X)  where  it 
can  be  made  to  face  four  different  ways,  to  both  sides  (PI.  XI)  and 
behind  (PL  XII),  seven  positions  in  all.  When  fixed  in  any  of  these 
positions  the  zero  points  of  its  scales  coincide  with  the  zero  planes  of 
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the  head-vice  and  eranimn  and  the  engraved  millimeter  scales  of  the 
guides  of  the  stage  are  graduated  from  both  sides  of  these  zero  points. 

Direction  of  Movements  of  Needle. — ^Whatever  the  position  in  which 
the  stage  is  fixed,  the  index  of  the  needle  (PL  XIV,  113)  reads  zero 
on  its  scale  (PL  XIV,  112)  when  the  point  of  the  needle  reaches 
the  zero  plane  of  the  cranium  to  which  it  is  perp^idicular,  and  how- 
ever the  needle  is  racked  in  or  out,  its  index  always  shows  the  number 
of  millimeters  on  the  millimeter  scale  (112)  and  coordinates  on  the 
extensible  spring  scale  (111)  from  the  point  of  the  needle  to  that  zero 
plane.  Similarly,  the  scales  of  the  stage  (PL  XIII,  70-91)  show 
the  number  of  millimeters  and  coordinates  between  their  zeros  and 
the  needle,  and  as  these  zeros  coincide  with  the  zero  planes  of  the 
frame  and  head,  we  can  recognize  inmiediately  how  many  millimeters 
and  how  many  coordinates  the  needle  is  from  the  three  zero  planes  of 
the  cranium.  The  method  of  directing  the  needle  to  a  given  point  in 
the  brain  by  this  mechanism  can  be  made  more  intelligible  by  an 
example. 

Localization  of  Objective  Point. — Since  any  objective  point  in  the 
brain  must  be  found,  in  one  lamella  at  least,  in  each  plane,  we  may 
take  our  choice  and  locate  it  in  the  plane  which  appears  most  con- 
venient in  practice  or,  as  in  this  case,  merely  *to  serve  as  an  illustra- 
tion. Let  us  assume  that  the  needle  is  to  be  directed  transversely  from 
one  side  (PL  XX),  that  the  objective  is  a  point  in  the  thalamus,  and 
that  we  decide  to  locate  it  in  a  sagittal  lamella  perpendicular  to  the 
needle,  the  number  of  the  lamella  corresponding  to  the  number  of 
millimeters  or  coordinates  from  the  objective  to  the  median  sagittal 
plane.  In  the  chart  of  the  selected  lamella  we  measure  the  distance 
of  the  objective  from  the  lines  representing  the  basal  and  frontal  zero 
planes,  using  the  corrected  scales  of  the  chart  and  regarding  the  units 
as  millimeters  in  the  standard.  These  are  the  data.  We  proceed  to 
rack  the  needle  the  same  number  of  coordinates  on  the  extensible 
scales  of  the  stage  from  the  zeros  coinciding  with  the  basal  and  frontal 
zero  planes  by  the  two  movements  of  the  traversing  stage  which  is 
parallel  to  the  sagittal  lamella  and  thus  bring  the  needle  exactly 
opposite  the  objective,  pointing  at  it.  The  third  movement,  the  pro- 
jection of  the  needle  in  its  sheaths,  will  bring  it  to  the  required  point. 
To  any  one  familiar  with  the  instrument,  it  does  not  matter  which 
plane  is  selected  to  locate  the  objective.  If  we  located  it  in  a  frontal 
or  horizontal  lamella,  parallel  to  the  axis  of  the  needle,  we  should  bring 
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the  latter  to  the  edge  of  the  lamella  with  one  movement  of  the  stage, 
and  the  other  movement  of  the  stage  and  the  projection  of  the  needle 
would  bring  the  latter  to  any  desired  point  in  the  lamella. 

The  Inclined  Needle. — ^The  outer  sheath  of  the  needle  carrier  (PL 
XIII,  72)  is  pivoted  and  swings  on  a  graduated  quadrant  (77)  which 
provides  for  an  inclination  of  about  25®,  within  that  limit  it  can  be 
fixed  at  any  angle  in  one  direction  and  in  one  plane,  but  it  can  be 
applied  to  the  top  of  the  cage  facing  four  different  ways  and  therefore 
inclined  in  four  directions,  and  by  the  movements  of  the  stage  it  can 
be  brought  to  any  lamella  in  any  plane,  and  thus  the  angular  deflec- 
tion is  available,  if  required,  in  many  positions.  The  inclination  being 
only  in  one  plane,  the  objective  must  be  located  in  a  lamella  parallel 
to  it  and  therefore  perpendicular  to  the  stage.  By  one  movement  of 
the  stage  we  bring  the  needle  to  the  edge  of  the  lamella,  set  it  at  the 
required  angle,  and  then,  by  two  remaining  movements,  one  of  the 
stage  and  the  other  the  extension  of  the  needle  in  its  sheaths,  we  can 
direct  it  to  any  point  in  the  lamella.  As  an  example,  let  us  assume  that 
we  propose  to  direct  the  needle,  from  above,  to  a  point  in  the  right 
internal  capsule,  avoiding  the  caudate  and  lenticular  nuclei.  We 
locate  the  objective  in  a  frontal  lamella,  fix  the  stage,  above  the  cage; 
with  the  needle  facing  forwards  (PI.  XIX)  its  plane  of  inclination 
will  be  parallel  to  the  lamella  and  deflect  tiie  point  of  the  needle  to 
the  left,  the  direction  of  the  right  internal  capsule;  the  needle  is  set 
at  the  same  angle  as  the  capsule  and  flxed  by  the  quadrant.  We  have 
employed  one  movement  of  the  stage  (longitudinal),  measured  by  its 
proportional  scale,  to  bring  the  needle  to  the  edge  of  the  lamella;  there 
remain  the  transverse  movement  of  the  stage  and  the  projection  of  the 
needle,  and  with  these  two  movements  it  would  be  easy  to  direct  the 
point  of  the  needle  to  the  objective  if  both  were  visible.  This  is  not 
possible  in  the  head,  but  we  can  reproduce  the  conditions  in  an  instru- 
ment where  we  can  see  them,  direct  the  needle  to  the  required  point 
by  sight  and  by  means  of  corresponding  scales  repeat  the  movement 
in  the  operating  mechanism. 

Two-Dimensioned  Indicator,  with  Card. — Such  an  instrument  is 
called  an  indicator.  In  the  proposed  example  it  need  only  be  of  two 
dimensions,  for  the  needle  has  been  brought  to  the  plane  of  the  lamella 
and  we  only  want  to  ascertain  the  extent  of  the  two  remaining  move- 
ments required  to  bring  it,  at  a  given  angle,  to  the  desired  point.  This 
can  be  effected  by  representing  the  lamella  by  a  card  ruled  with  square 
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millimeters  and  crossed  by  two  lines  corresponding  to  those  marking 
the  zero  planes  in  the  charts.  If  we  remove  the  heed  and  fix  the  card 
in  the  machine  in  exactly  the  same  position  as  the  lamella,  so  that  their 
crossed  zero  lines  coincide,  the  needle,  fixed  in  any  position,  must 
have  the  same  relations  to  those  lines,  and  to  any  points  at  the  same 
distance  from  them,  in  both  card  and  lamella.  We  may  therefore  mark 
a  square  millimeter  on  the  card,  a  given  number  of  millimeters  from 
the  crossed  lines,  bring  the  point  of  the  needle  into  contact  with  it, 
note  the  position  of  the  needle  by  its  scales,  then  retract  it  and  replace 
the  head  in  the  machine  and  finally  project  the  needle  again  to  the 
position  noted  on  the  scale,  to  bring  it  to  a  point  at  the  same  distance 
from  the  two  zero  lines  of  the  lamella  in  the  brain  as  the  square  milli- 
meter on  the  card  is  from  its  crossed  lines.  We  can  begin  this  pro- 
ceeding by  fixing  the  needle  at  a  given  angle  on  its  quadrant  scale  and 
bring  it  to  the  marked  square  by  two  movements,  one  of  the  stage, 
the  other  its  own  projection,  and  by  identical  movements  bring  it  to 
the  objective  point  in  the  lamella,  inclined  at  any  required  angle 
within  the  limits  of  its  excursion^  To  save  the  trouble  of  removing 
the  head  from  the  machine  and  replacing  it,  the  card  may  be  fixed  in 
a  duplicate  machine,  the  needle  directed  by  sight  to  the  marked  square, 
and  then  by  corresponding  scales  the  movements  can  be  repeated  in 
the  operating  instrument  and  its  needle  brought  to  the  objective  point 
in  the  brain.  It  is  not  necessary  that  all  the  details  of  the  operating 
machine  should  be  reproduced  in  the  duplicate  if  we  secure  the  repre- 
sentation of  those  which  are  essential.  The  first  step,  when  using  the 
inclined  needle  in  the  operating  machine,  is  to  bring  the  needle  to  the 
edge  of  the  selected  lamella  by  one  movement  of  the  stage;  this  elimi- 
nates one  dimension  in  the  localization  of  the  objective,  the  remaining 
movements,  one  of  the  stage,  the  other  the  projection  of  the  needle, 
as  well  as  its  inclination,  are  in  the  plane  of  the  lamella,  so  the  dupli- 
cate instrument  or  indicator  only  requires  two  dimensions  and  the 
essentials  of  the  operating  mechanism  are  represented  by  a  ruled  card 
enclosed  in  a  square  frame,  one  side  of  which  serves  as  a  guide  for 
a  slide  block  on  which  an  extensible  needle  or  finder  is  pivoted  with 
a  quadrant  and  scale  to  fix  it  at  any  angle.  The  details  correspond 
exactly  with  their  counterparts  in  the  operating  machine;  the  size 
is  the  same  or  proportional  throughout,  and  all  scales  are  identical, 
so  that  movements  in  one  instrument  can  be  repeated  in  the  other. 
As  the  card  and  the  scales  are  graduated  in  millimeters,  the  measure- 
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mentfl  are  applicable  only  to  heads  of  standard  size;  variations  in 
the  two  dimensions  represented  of  any  selected  head  must  be  cor- 
rected by  calculation,  or  by  substituting  for  the  ruled  card  an  adjust- 
able, reticulated  screen  formed  by  two  superimposed  gratings  of 
silk  threads  at  right-angles  to  one  another  (PL  XXVI).  The  screen 
is  adjusted  to  correspond  with  the  two  dimensions  of  the  lamella  of 
the  selected  head,  the  meshes  are  then  coordinates  representing  the 
square  millimeters  of  the  card  and  the  index  point  is  determined,  by 
counting  them  in  the  same  way,  from  the  central  threads  of  the  grat- 
ings which  represent  the  crossed  zero  lines. 

The  Three-Dimensioned  Indicator  and  Equatorial. — So  far  the 
description  applies  to  the  rectilinear  machine  with  a  single  inclined 
movement  of  the  needle  and  the  method  of  directing  it  with  a  two- 
dimensioned  indicator.  It  will  be  evident  that  considerable  advantages 
may  be  secured  by  mounting  the  needle  on  an  equatorial  (Pis.  XXIX- 
XXX),  which  affords  universal  movement,  and  directing  it  entirely 
by  a  three-dimensioned  indicator  (PI,  XXVII).  These  instruments 
are  fully  described  in  their  place  (Chapter  VI),  but  with  the  help 
of  the  illustrations  a  short  explanation  will  be  sufficient  to  give  the 
reader  a  general  idea  of  the  mechanism  and  its  application,  which  is 
all  I  propose  to  attempt  in  this  chapter.  The  equatorial  is  used  as 
a  substitute  for  the  cage  and  stage  of  the  rectilinear  machine,  the 
needle  is  carried  in  much  the  same  way  as  the  telescope  in  the  astronom- 
ical instrument  and  has  practically  universal  movement.  The  equa- 
torial is  supported  on  four  feet  terminating  in  bolts  like  those  of  the 
cage  and  they  fit  into  the  same  slots  in  the  head-vice ;  when  applied  to 
the  indicator  they  fit  into  corresponding  slots  which  have  the  same 
relations  to  screens  representing  the  zero  planes  as  the  slots  in  the 
head-vice  have  to  the  zero  planes  of  the  cranium.  Thus,  the  same 
equatorial  can  be  adjusted  in  the  indicator  and  the  needle  directed  to 
the  index  point  by  sight,  then  transferred  to  the  head-vice,  and  the 
needle  will  reach  an  objective  with  the  same  relations  to  zero  planes 
of  the  cranium  as  the  index  has  to  the  zero  planes  or  index  planes  in 
the  indicator.  This  method  has  the  advantage  of  the  greatest  possible 
simplicity,  for,  though  all  the  movements  of  the  equatorial  are  recorded 
by  scales,  when  it  is  used  in  this  way,  none  of  them  need  be  employed 
except  that  which  registers  the  projection  of  the  needle.  Obviously, 
the  needle  must  be  retracted  while  the  skull  is  trephined  and  then 
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racked  in  till  it  reaches  the  figure  noted  on  the  Bcale^  wh^i  it  will  be 
at  the  objecUve  point  On  the  other  hand,  if  duplicate  instnunenta 
are  employed,  one  applied  to  the  indicator  and  the  other  to  the  head, 
a  comparatively  complicated  operation  can  be  carried  out  in  the  indi- 
cator and  repeated  step  by  step  in  the  operating  machine.  In  this 
case,  every  movement  of  both  equatorials  is  regulated  by  the  scales  and 
precisely  copied. 

Three-Dimensioned  Indicator  with  Buled  Card. — ^The  simplest  form 
of  three-dimensioned  indicator  is  a  modification  of  that  already 
described  with  a  ruled  card;  it  is  provided  with  a  horizontal  table 
carrying  a  card  ruled  with  square  millimeters  and  crossed  by  two  lines, 
representing  the  frontal  and  sagittal  zero  planes,  like  the  chart  of  a 
horizontal  lamella;  the  position  of  these  lines  being  fixed  in  constant 
relation  to  four  pillars  with  slots  which  correspond  to  those  of  the 
head-vice,  so  that  the  needle  must  have  identical  relations  to  the  zero 
lines  in  both  cases.  The  table  carrying  the  card  is  supported  on  an 
extensible  vertical  pillar,  graduated  with  a  millimeter  scale,  by  which 
the  table  can  be  raised  or  lowered  with  a  rack  and  pinion.  The  upper 
surfaces  of  the  slots  of  the  four  pillars  represent  the  basal  zero  plane, 
as  it  does  in  the  head- vice;  and  when  the  table  is  at  this  level  the 
scale  on  the  pillar  is  marked  zero;  the  table  can  thus  be  raised  or 
lowered  any  required  number  of  millimeters  above  or  below  the  basal 
plane.  The  index  point  is  measured  the  same  number  of  millimeters 
from  the  crossed  zero  lines  on  the  ruled  card  as  the  objective  point  is 
from  the  corresponding  lines  on  the  chart  of  a  horizontal  lamella, 
and  the  square  millimeter  on  the  card  is  marked;  the  table  is  then 
racked  to  the  correct  height  in  relation  to  the  basal  plane  and  the 
marked  square  will  be  at  the  required  distance  from  the  three  zero 
planes.  The  equatorial  or  cage  can  now  be  applied  to  the  slots  in  the 
indicator  and  fixed,  the  operating  needle  directed  from  any  position 
to  the  marked  square  on  the  card,  the  scale  of  the  needle  noted  and 
the  needle  retracted  sufficiently  to  be  out  of  the  way.  Then,  the 
equatorial,  or  cage,  is  transferred  to  the  head- vice,  the  needle  racked 
in  till  it  touches  the  skull,  this  point  is  marked  and  the  equatorial 
removed  while  the  skull  is  trephined,  then  replaced  and  the  needle 
racked  through  the  brain  till  it  reaches  the  objective  point.  As  in 
the  two-dimensioned  indicator,  this  method  with  a  ruled  card  has  the 
disadvantage  that  there  is  no  provision  for  correction  for  size  and  it  is 
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necessary  to  make  any  that  is  required  by  calculation  or  tables.  It 
is  therefore  more  satisfactory  to  nse  the  gratings  in  three  dimensions.* 

Three-Dlmensioned  Indicator  with  Adjustable  Gratings. — (PI. 
XXVII  et  seq.)  TVo  horizontal  gratings,  one  applied  closely  above 
the  other  and  at  right-angles  to  it,  form  a  reticulated  screen,  the 
meshes  of  which  can  be  made  to  measure  millimeters,  or  more,  or  less, 
in  both  dimensions.  To  facilitate  counting  the  threads  they  are 
divided  into  groups  of  iive  by  contrast  colors;  vrhite  threads  extend 
between  the  opposed  pivots  of  the  sway  bars  in  each  grating  and 
represent  the  zero  planes ;  other  white  threads  are  introduced  to  show 
the  transverse  and  longitudinal  dimensions  in  the  standard  cranium 
of  the  cat  and  monkey.  One  of  the  gratings  is  longitudinal,  its  central 
white  thread  represents  the  sagittal  zero  plane,  and  the  intervals 
between  the  threads  are  the  coordinates  of  transverse  measurement. 
In  the  grating  at  right-angles  to  this  the  intervals  are  units  of  longi- 
tudinal measurement  and  the  central  white  thread  the  frontal  zero 
plane  or  interaural  line.  Vertical  measurements  are  provided  for  by 
a  single  gridiron  grating  fixed  vertically  like  a  lawn-tennis  net.  A 
white  thread  between  the  pivots  of  its  opposed  sway-bars  represents 
the  basal  zero  and  is  level  with  the  upper  surface  of  the  slots.  All 
three  gratings  are  set  by  direct  measurement  or  quadrant  scales,  with 
which  they  are  furnished,  to  correspond  with  the  three  dimensions  of 
the  selected  head,  or  any  segment  of  it. 

An  index  point  representing  the  objective  point  in  the  brain  is 
adjusted  in  relation  to  the  three  gratings;  it  may  be  represented  in 
several  ways,  the  simplest  of  which  is  shown  in  Plate  XXVIII.  A 
vertical  index  needle  (24),  which  can  be  raised  or  lowered  in  a  slot 
at  the  end  of  a  horizontal  radius  bar  (23)  by  which  it  can  be  brought 
over  any  mesh  in  the  reticulated  horizontal  screen,  is  fixed  at  any 
required  distance  from  the  sagittal  and  frontal  zero  planes  and  repre- 
sents the  index  point  in  two  dimensions.  A  horizontal  index  needle 
(29),  carried  in  a  vertical  radius  bar  (27),  is  made  to  correspond  with 
the  space  representing  the  required  height  above  or  below  the  basal 
plane  in  the  vertical  grating  (16)  and  provides  the  measurement  in 

*  The  introduction  of  the  card  was  suggested  hy  Mr.  Vellacott  on  grounds 
of  economy.  I  have  not  employed  it,  as  I  think  the  correction  of  measure- 
ment by  calculation,  which  it  entails,  is  objectionable;  the  card  is,  however, 
much  cheaper  than  the  adjustable  gratings  and  on  this  ground  the  method 
may  be  worth  consideration. 
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tlie  third  dimension.  If  the  points  of  the  two  index  needles  are  made 
to  meet,  as  shown  in  Plate  XXVIII,  either  of  them  will  serve  to  indi- 
cate the  position  of  the  index  point,  and  the  operating  needle  can  be 
directed  to  it  and,  one  index  needle  having  been  selected,  the  other 
may  be  removed.  In  practice  it  is  rather  inconvenient  to  bring  the 
points  of  two  needles  precisely  together  like  this;  if  the  needles  termi- 
nate in  notches  instead  of  points  or  one  of  them  in  a  cross  (Chap.  IV, 
XXVIII,  A) ,  they  can  be  adjusted  more  quickly.  The  q)erating  needle 
of  the  equatorial  or  cage  is  directed  to  the  index  point,  as  explained 
in  the  description  of  the  card  indicator,  and  the  subsequent  steps 
of  the  operation  are  completed  in  the  same  way. 

PLATES  I  TO  XXI 

Plate  I. — ^Ear  cones,  guide,  speculum,  probe. 

Plates  II.  III.— Mask. 

Plates  IV-VIII.— HorUontal  frame  or  head-vice. 

Plate  IX.— Extensible  scales. 

Plate  X. — The  cage  and  needle,  first  position. 

Plate  XI. — The  whole  rectilinear  machine  with  inclined  needle,  applied 
to  cage  in  sixth  position. 

Plate  XII. — ^Horizontal  needle  applied  to  rear  face  of  cage,  seventh 
position. 

Plate  XIII.— The  traversing  stage. 

Plate  XIV.— The  needle-holder. 

Plate  XV. — Insulated  platino-iridium  needles. 

PUtes  XVI,  XVII.— Operating  needles  and  beds. 

Plates  XVIII,  XIX,  XX.  XXI.— Needle  and  stage  applied  to  cat's  head 
fixed  in  cage  and  head-vice.  Needle  in  same  positicm  as  in  Plates  X.  XI, 
XII,  in  which  the  parts  of  the  machine  are  numbered.  The  numbers  are  not 
repeated  in  Plates  XVIII-XXI. 
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CHAPTER  IV 
ILLUSTKATED  DESCBIPTION  OF  STEBEOTAXIC  INSTBUHENTS 

Plate  I 

(IV)  Ear  cones  for  cat  (III)  Ear  speculum  for  cat.  (I)  Guide 
and  (II)  Probe  for  introducing  cones. 

(IV)  These  are  hollow  brass  cones  introduced  into  the  auditory 
meatuses  on  both  sides.  The  external  orifices  receive  the  tapered  ends 
of  the  aural  pivots  (PL  V,  25)  which  are  fixed  in  the  frame  or  head- 
vice  (PL  V).  Their  object  is  to  support  the  head  in  the  correct  posi- 
tion in  the  frame  till  the  screw  clamps  are  adjusted  and  fixed.  The 
cones  center  the  meatus  and,  when  fitted  on  the  aural  pivots,  the  inter- 
aural  line,  which  passes  from  the  center  of  one  meatus  to  the  other, 
is  on  a  level  with  the  upper  surface  of  the  head-vice  which  coincides 
with  the  basal  horizontal  zero  plane  of  the  cranium.  Both  cones  and 
pivots  are  bored  so  that  in  the  cadaver  the  interaural  line  can  be 
drilled  from  one  pivot  to  the  other. 

The  meatus  in  the  cat  is  not  very  accessible  and,  as  the  accuracy 
of  the  interaural  line  is  the  most  important  of  all  the  data  for  adjust- 
ment and  measurement^  various  forms  of  ear  cones  have  been  tried. 
The  simple  straight  cone  with  only  a  slightly  projecting  disc  is  the 
best.  It  consists  of  the  following  parts:  (1)  The  point  or  cone; 
(2)  The  disc;  (3)  The  barrel.  The  point  enters  the  meatus,  the  disc 
prevents  it  from  going  too  far  and  the  barrel  receives  the  pivot.  The 
introduction  of  the  cones  will  be  discussed  under  the  head  of  operative 
procedure  and  will  be  referred  to  here  only  so  far  as  may  be  necessary 
for  the  description  of  the  instruments  illustrated  in  Plate  I,  i.  e., 
the  speculum  and  guide.  The  former  does  not  require  description- 
Its  use  is  to  expose  the  orifice  of  the  meatus  and  when  introduced  for 
this  purpose  the  pinna  should  be  drawn  directly  outwards  and  illu- 
minated with  a  good  light.  In  the  cat  the  orifice  of  the  meatus  is  gen- 
erally a  mere  slit  and  may  be  invaginated  by  the  blunt  point  of  the 
cone;  it  is  sometimes  advisable  to  use  a  guide  to  introduce  the  cones 
and  a  clamp  should  always  be  employed  to  hold  them  till  the  pivots 
are  inserted.    The  guide  is  a  small,  flat,  steel  bar,  3  mm.  wide,  fixed 
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to  a  handle  at  an  angle  in  order  to  keep  the  hand  out  of  the  line  of 
Blight;  it  is  introduced  for  a  few  millimeters  into  the  meatus  and  held 
there.  A  probe^  at  a  similar  angle  with  its  handle^  fits  into  the  cone 
and  projects  2  or  3  mm.  beyond  it>  aflFording  a  finer  point  for  enter- 
ing tiie  orifice  of  the  meatus.  There  is  a  slot  in  the  disc  of  the  cone 
which  fits  the  guide  and  slides  readily  along  it  if  held  in  the  right 
position,  which  is  with  the  point  of  the  probe  in  contact  with  the 
guide.  The  latter  being  held  in  the  meatus  with  one  hand,  the  probe 
with  the  cone  on  it  is  held  in  the  other  and  the  slot  in  the  disc  applied 
to  the  heel  of  the  guide  and  then  slipped  along  it,  the  point  of  the 
probe  being  kept  in  contact  with  the  guide;  if  this  is  attended  to,  the 
cone  slides  easily  into  the  meatos^ — if  it  is  not  kept  to  this  line,  it 
will  jam.  When  the  cone  enters  the  meatus,  it  is  pushed  on  as  far 
as  the  disc  will  permit  and  the  guide  withdrawn  simultaneously.  The 
probe  serves  to  hold  the  cone  in  the  meatus  till  the  clamp  (PI.  Ill, 
20)  is  applied,  and  is  then  removed.  The  same  manoeuver  is  repeated 
on  the  other  side,  and  until  the  head  is  introduced  into  the  frame 
both  cones  are  kept  in  position  by  the  clamp,  which  is  then  removed. 
It  is  convenient  to  have  the  guide  in  case  it  is  required,  but  if  the 
cone  is  mounted  on  the  probe  it  can  generally  be  introduced  with 
little  diflSculty,  and  the  guide  is  not  necessary.  There  is  not  room  at 
the  apex  of  the  funnel  of  the  pinna  for  both  speculum  and  cone  at 
once,  but  the  orifice  of  the  meatus  can  be  exposed  with  the  speculum 
and,  while  it  is  withdrawn,  if  the  pinna  is  drawn  well  out,  the  probe 
carrying  the  cone  can  be  directed  to  the  opening. 

Platb  II. — The  Mask 

The  posterior  border  of  the  basal  horizontal  zero  plane,  represented 
by  the  interaural  line,  having  been  brought  to  the  level  of  the  upper 
surface  of  the  horizontal  frame  or  head-vice,  the  front  part,  repre- 
sented by  the  lower  borders  of  the  orbits,  is  similarly  adjusted.  This 
is  effected  by  a  face-piece  or  mask  in  which  two  recurved  brackets 
(9)  hook  over  the  lower  margins  of  the  orbits  and  are  retained  in  that 
position  by  a  bit  (8)  which  passes  into  the  mouth  behind  the  upper 
canine  teeth.  The  bit  is  a  flat  brass  bar,  perforated  near  both  ends 
with  slots  which  are  long  enough  to  allow  for  differences  in  the  dis- 
tance between  the  eyes,  and  through  these  slots  screws  (16)  descend 
from  the  brackets;  split  nuts  (11)   can  be  rapidly  applied  to  the 
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screws  below  the  bit  and  one  or  two  turns  are  sufficient  to  fix  the 
brackets  against  the  counter  pressure^  acting  through  the  bit^  on  the 
teeth  of  the  upper  jaw.  In  fact,  the  brackets  and  the  bit  grip  the 
upper  jaw  between  them  like  the  blades  of  a  pair  of  forceps.  Project- 
ing horizontally  outwards  from  the  sides  of  the  mask  are  two  arms 
(14)  which  are  brought  into  contact  with  the  lower  border  of  the 
horizontal  frame  when  this  is  lowered  over  the  head.  When  they  are 
in  this  position,  the  under  surfaces  of  the  brackets  and  therefore  the 
lower  margins  of  the  orbits,  which  are  in  contact  with  them,  are  level 
with  the  upper  border  of  the  head-vice  and  the  whole  of  the  basal 
horizontal  plaae  of  the  head  exactly  coincides  with  the  upper  surface 
of  the  horizontal  frame  of  the  instrument.  The  horizontal  arms  are 
secured  in  position  by  two  clamps  (PI.  VI,  46,  46).  The  distance 
between  the  orbital  brackets  can  be  adjusted  to  that  between  the  eyes 
by  a  sliding  joint  and  screw  (17  and  18). 

Platb  III. — Cat's  Head  with  Mask,  Side  View 

View,  from  the  side,  of  a  cafs  head  with  the  mask  aud  ear  plugs 
in  position  ready  for  adjustment  in  the  frame  of  the  stereotaxic  instru- 
ment The  ear  plugs  are  held  in  position  by  a  clasp  (20)  which  is 
removed  after  the  head  is  adjusted. 

Plate  IV 
A  front  view  of  Plate  III. 

Plate  V. — Horizontal  Frame  or  Head- Vice 

This  is  a  rectangular  brass  frame  consisting  of  a  frontal,  an  occi- 
pital and  two  lateral  bars,  connected  by  joints  and  large  enough  to 
admit  the  head  of  a  large  cat  or  rhesus  monkey. 

The  upper  surface  of  the  frame  represents  the  basal  zero  plane  of 
the  cranium  and  is  adjusted  and  fixed  so  that  it  exactly  coincides  with 
it.  The  adjustment  is  provided  for:  (1)  By  the  aural  pivots  (25), 
the  inner  extremities  of  which  are  tapered  to  fit  the  ear  cones  and  their 
centers,  corresponding  to  the  interaural  line,  are  level  with  the  upper 
border  of  the  horizontal  frame;  (2)  by  the  mask  (PI.  II)  which  brings 
the  lower  borders  of  the  orbits  to  the  same  level;  and  (3)  the  head  is 
centered  sagittally  and  secured  by  four  graduated  screw  clamps  (27, 
30).    The  pivots  slide  in  joints  (36)  fixed  at  corresponding  points 
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on  the  lateral  bare  (22)  of  the  frame ;  the  latter  are  graduated  through- 
out their  length  in  millimetere  which  are  read  forwards  and  back- 
wards from  the  interaural  line;  this  is  their  zero  point  and  all  moT- 
able  joints  which  slide  on  the  lateral  bare  are  secured  by  screws  at 
corresponding  points  on  both  sides.  The  four  clamps  (27-30)  for 
fixing  the  head  terminate  internally  in  ^ grips"  (29^  32) ^  small 
plates  provided  with  three  steel  points  to  pierce  the  skin  and  hold 
against  the  bone  without  penetrating  it^  and  the  two  pcdre  are  some- 
what differently  arranged.  In  the  anterior  or  temporal  pair  (29 ), 
the  plates  are  triangular^  with  one  point  above  and  two  below,  engaging 
the  zygoma  which  lies  between  them.  The  posterior  or  mastoid  pair 
(32)  are  applied  to  that  prominence  immediately  behind  the  meatus. 
The  adjustment  of  the  cranium  with  these  clamps  and  the  selection 
of  the  best  pattern  for  the  purpose  have  been  a  source  of  some  trouble. 
They  were  unsatisfactory  in  the  old  instrument,  where,  after  trying  a 
variety  of  grips,  I  adopted,  for  each  of  the  four  clamps,  a  single  rather 
obtuse-angled  steel  point  rotating  at  the  end  of  a  screw  which  perfor- 
ated a  sliding  joint  on  the  lateral  bar,  fixed  where  it  was  required. 
The  form  of  both  grip  and  clamp  is  defective.  A  single  screw  passing 
through  the  sliding  joint  is  not  rigid  enough,  it  is  very  slow  and  under 
pressure  the  points  do  not  rotate  readily  and  are  apt  to  twist  up 
the  skin  and  sometimes  to  deflect  the  head.  The  occipital  region  of 
the  cranium  in  many  animals,  and  notably  in  the  cat,  is  in  the  form 
of  a  wedge  in  two  planes;  that  is  to  say,  in  the  horizontal  plane  the 
apex  of  tiie  wedge  is  directed  backwards,  in  the  frontal  plane  down- 
wards. With  single  blunt  points  and  the  force  applied  entirely  by 
screws,  there  is  a  tendency  to  lift  the  head  with  the  bilateral  pressure, 
and  if  sharper  points  are  used  to  obviate  this,  they  may  penetrate  the 
bone  to  a  variable  depth.  These  defects  have  been  removed.  The 
plate,  carrying  three  points  which  form  the  mastoid  grip,  is  inclined 
in  two  planes  like  the  mastoid  itself,  so  that  all  three  points  engage  it. 
Adjustment. — Instead  of  being  carried  by  a  single  screw,  there  are 
two  bars  which  perforate  each  sliding  joint  (35,  37) ;  one  above  and 
one  below  the  horizontal  frame.  Internally,  i.  e.,  medially,  the  two 
bare  are  attached  to  the  grip  (29,  32) ;  externally,  their  extremities 
are  united  by  a  short  plate.  The  center  of  this  cross-plate  is  perforated 
and  gives  passage  to  a  triple-thread  screw  which  is  fixed  by  its  inner 
extremity  to  the  sliding  joint  on  the  lateral  bar.  This  screw,  there- 
fore, is  parallel  to  the  sliding  bare  which  carry  the  grip  and  lies 
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between  them.  A  nut  (28,  31)  is  fitted  to  the  outer  end  of  the  screw 
and  works  up  to  the  cross-plate.  The  sliding  bars,  with  the  grip  at 
one  end  and  the  cross-plate  at  the  other,  form  a  rectangular  frame 
which  slides  to  and  from  the  median  plane,  towards  which  it  is  driven 
by  the  screw-nut.  It  is^pushed  in  till  the  grip  is  in  contact  with  the 
skull,  the  nut  is  run  up  rapidly  on  the  screw  till  it  reaches  the  cross- 
plate  and  then  effects  the  final  adjustment  and  fixture  of  the  head. 
All  the  four  clamps  are  made  in  this  way,  millimeter  scales  are  engraved 
on  the  surfaces  of  the  upper  sliding  bars,  as  well  as  on  the  aural  pivots, 
and  are  arranged  so  that  all  six  scales  can  be  easily  read  from  the 
same  point  in  front  and  rapidly  compared,  which  ensures  accuracy 
and  saves  time. 

The  clamp  (20)  for  holding  the  ear  cones  in  position  assists  in 
adjusting  the  head  on  the  aural  pivots.  When  the  frame  is  lowered 
over  the  head,  the  latter  is  raised  till  the  ear  cones  are  opposite  the 
pivots,  which  are  then  pushed  home,  the  horizontal  arms  of  the  mask 
being  brought  almost  into  position  below  the  horizontal  frame  by 
the  adjustment  of  the  pivots  and  cones;  all  that  remains  is  to  hold 
the  arms  in  contact  with  the  lower  border  of  the  frame,  slip  the  clamps 
(46)  over  them,  noting  that  they  are  equidistant  from  the  pivots  on 
both  sides  and  fix  them.  The  occipital  bar  (24)  is  brought  into  con- 
tact with  the  occiput  and  its  sliding  joints  (38)  and  those  of  the 
four  clamps  (35,  37),  are  fixed  by  the  screws  at  corresponding  points 
on  the  lateral  bars  (22).  The  opposed  clamps  are  then  adjusted  in 
pairs,  the  grips  are  pushed  up,  the  nuts  run  up  the  triple-thread 
screws  and  one  or  two  turns  will  suffice  to  hold  the  head  firmly,  witii 
identical  readings  of  the  scales  on  both  sides ;  the  aural  pivots  are  made 
to  correspond  and  carefully  inspected  to  see  that  they  and  the  cones 
are  well  home.  From  the  accessibility  of  the  head  in  the  frame  its 
position  can  be  thoroughly  inspected  after  it  is  fixed  and  any  error 
ought  to  be  detected  and  corrected  before  the  cage  and  travelling  stage 
are  applied. 

Plates  V,  VI  represent  the  basal  horizontal  frame  or  head-vice  as 
seen  from  above. 

V.  The  frame  from  above. 

YI.  The  frame  with  the  mask  and  ear  plugs  in  the  position  they 
occupy  in  the  frame,  but  without  the  head. 

VII.  The  same  as  VI,  but  with  a  cafs  head  in  position. 

VIII.  The  same  head  in  position  viewed  from  the  side.  • 
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Procedure. — ^The  next  steps  in  the  procedure  are  the  application 
of  the  cage,  measurement  of  the  head,  comparing  its  dimensions  with 
those  of  the  standard,  setting  the  extensible  scales  accordingly  and 
fitting  them  in  their  places.  The  traversing  stage,  with  the  pilot 
needle,  is  applied  to  one  of  the  surfaces  of  the  cage  and  fixed  with 
clamps.  The  pilot  needle  is  brought  into  the  correct  position  in  con- 
tact with  the  cranium,  which  is  marked  with  the  drill,  then  trephined 
and  the  pilot  racked  down  to  the  selected  point.  The  electrolytic  or 
other  form  of  operating  needle  is  then  substituted  and  the  operation 
completed.  It  will  be  convenient  to  describe  the  extensible  scales  next> 
afl  they  appear  in  the  illustrations  of  the  cage,  and  their  application 
follows  immediately  in  the  order  of  operative  procedure. 

Plate  IX. — Extensible  Scales 

Each  scale  consists  of  a  fine  spring  enclosed  in  a  tube  open  down 
one  side  to  expose  the  spirals  which  can  be  made  to  measure  milli- 
meters, or  more,  or  less.  The  spring  is  fixed  to  the  tube  at  one  end 
and  at  the  other  to  a  screw  rod  (57)  which  passes  through  the  neck 
(58)  into  which  the  tube  is  drawn  and  through  three  milled  heads 
(PL  IX  59,  60,  61).  The  proximal  one  (59)  moves  the  spring  as 
a  whole  so  that^  after  it  has  been  set,  any  particular  spiral  can  be 
brought  opposite  the  zero  of  the  millimeter  scale  without  moving  the 
tube  or  altering  the  extension  of  the  spring.  The  middle  milled  head 
(60),  which  fits  over  the  elongated  neck  (58)  of  the  tube,  tightens 
or  relaxes  the  grip  of  the  latter  on  the  screw  rod  which  passes  through 
it.  The  rod  can  be  drawn  in  and  out  and  the  spring  extended  or 
contracted  and  fixed  anywhere  by  screwing  the  head  up.  It  is  con- 
venient, while  the  spring  is  being  set,  to  fix  this  head  sufficiently  to 
make  the  spring  retain  any  position  given  to  it,  but  not  to  prevent 
its  adjustment.  The  third  (distal)  milled  head  (61)  fits  the  screw 
rod  and  serves  as  a  fine  adjustment  for  the  spring,  but  of  course  can 
act  only  when  the  middle  head  is  relaxed.  To  facilitate  reading,  the 
spirals  are  painted  black  and  white  in  alternate  groups  of  five  and 
an  ivory  millimeter  scale,  also  marked  in  groups  of  five,  is  attached  to 
each  scale  by  spring  clips.  These  ivory  scales  are  not  absolutely  neces- 
sary, but  are  added  to  facilitate  reading  and  the  division  into  groups 
of  five  is  a  great  assistance  for  this  purpose;  they  are  adjusted  to 
correspond  with  the  permanent  scales  on  the  instrum^it  and  the 
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extensible  scale  is  between  them.  The  zeros  of  all  these  scales  are  made 
to  coincide  and  the  index  reads  their  divisions  simultaneously. 

All  measurements  are  from  zero  and  the  operator  requires  to  know 
how  far  the  point  of  the  needle  is  from  each  of  the  three  zero  planes. 
On  this  triple  scale  he  sees  at  once  how  far  the  needle  is  from  the 
zero  plane  from  which  it  is  counted  in  millimeters,  by  the  engraved 
scale  on  the  instrument  and  the  ivory  scale  which  is  identical  with 
it,  and  at  the  same  time  how  far  in  coordinates,  or  corrected  divisions, 
shown  by  the  spirals  of  the  spring. 

In  practice,  the  extensible  scale  is  set,  so  that  the  divisions  of  the 
spiral  spring  bear  the  same  relation  to  millimeters  as  the  dimensions 
of  the  cranium  of  the  experimental  animal  do  to  the  standard.  The 
number  of  divisions  is  always  the  same  as  the  number  of  millimeters 
in  that  dimension  of  the  standard,  but  they  may  measure  millimeters, 
or  more,  or  less,  just  as  the  whole  dimension  may  be  the  same,  or  more, 
or  less. 

Gauge  for  Setting  Scales. — For  setting  the  scale,  it  is  convenient  to 
have  a  gauge  with  a  millimeter  scale  and  two  clamps  which  hold  the 
tube  parallel  to  it.  Between  the  scales  are  two  sliding  double  indices 
which  point  both  ways,  one  point  reading  the  millimeter  scale,  the 
other,  the  spirals  of  the  extensible  scale;  their  use  will  be  best  explained 
by  an  example.  The  transverse  dimension  from  the  zero  plane  to  the 
surface  of  the  standard  head  in  the  cat  is  21  nmi. ;  hence,  this  diameter 
must  always  be  divided  into  21  units,  whether  millimeters,  or  more, 
or  less.  Suppose  the  same  diameter  of  the  experimental  cranium  is 
19  mm.  the  indices  are  set  19  mm.  apart  on  the  millimeter  scale; 
the  spiral  spring  is  then  adjusted  till  21  spirals  are  included  by  the 
opposite  points  of  the  same  indices;  t.  e.,  the  21  spirals  measure  19  nmi. 
If,  on  the  other  hand,  the  diameter  had  been  24  mm.  the  21  spirals 
would  have  been  made  to  measure  24  mm.* 

There  are  one  or  two  practical  points  to  be  observed  in  setting  these 
scales.  A  spring  fixed  at  one  end  expands  rather  more,  when  it  is 
extended,  at  the  free  end  than  at  the  other,  and  if  it  is  simply  extended 
to  the  required  length,  there  may  be  an  appreciable  difference  in  the 
divisions  at  the  two  ends.  This  can  be  corrected  by  extending  the 
spring  till  the  intervals  near  the  fixed  end  are  slightly  greater  than 
their  final  measurement  and  then  letting  the  whole  spring  gradually 

*  An  Hlostratlon  of  this  gauge  has  been  published  in  the  Atlas,  Part  L 
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contract  till  they  are  correct  The  edge  of  the  slit  in  the  tabe  is 
graduated  in  5  mm.  divisions  and,  if  the  spring  is  set  to  measure 
millimeters^  it  can  be  seen  whether  the  spirals  are  uniform  and,  with 
a  little  practice,  they  can  be  set  correctly  without  difficulty.  The  scale 
should  always  be  set,  in  this  way,  to  measure  millimeters  before  it 
is  finally  adjusted  to  a  proportional  scale;  the  alteration  required 
is  usually  slight  and  the  possible  error  minute,  but  even  th^  it  is 
better  to  overextend  the  spring  slightly  and  let  it  drop  back.  After 
all,  it  is  not  the  defect  of  a  fraction  of  a  millimeter  that  matters, 
but  the  cumulative  error  which  occurs  without  an  extensible  scale  and 
may  sum  up  to  several  millimeters. 

When  fixed  in  the  instrument  the  spiral  selected  for  zero  must  be 
made  to  coincide  with  the  zeros  of  the  millimeter  scales  and  the  index 
reads  them  simultaneously.  This  adjustment  is  effected  by  the  first 
milled  head,  as  previously  explained.  As  the  travelling  stage  is  applied 
to  the  top  of  the  cage  in  four  different  positions,  the  operator  must 
make  sure  that  the  scales  are  applied  to  the  diameters  of  the  head 
for  which  they  were  set. 

Plates  X,  XI  and  XII. — Cage  and  Traveesino  Stage 

The  above  plates  give  a  general  view  of  the  instrument  with  the 
needle  applied  in  three  different  positions. 

X.  Shows  the  cage  vnth  the  traversing  stage  (69)  applied  above 
it,  secured  by  clamps  (90)  and  the  needle  in  its  holder  in  the  verti- 
cal position.  This  is  the  first  position,  the  needle-holder  facing 
forwards.  In  the  second  position,  the  traversing  stage  is  exactly 
reversed  and  the  needle  faces  backwards.  All  the  three  extensible 
scales  vrith  the  ivory  ones  attached  are  in  position.  There  are  two 
movements  of  the  traversing  stage  and  a  third  of  the  needle-bed  in 
its  sheaths.  The  quadrant  (77)  enables  the  needle-holder  to  be  set 
at  various  angles,  the  inclination  in  the  first  position  being  down- 
wards and  to  the  left  (of  the  head),  vwfo  Plate  XIX. 

XI.  Shows  the  traversing  stage  and  needle  applied  to  the  left  side 
of  the  cage,  sixth  position.  It  is  shown  inclined  downwards  and 
inwards;  i.  e,,  towards  the  middle  line. 

XII.  Here  the  traversing  stage  and  needle  are  applied  to  the  back 
of  the  cage,  seventh  position,  the  needle  is  horizontal,  but  can  be 
inclined  downwards  and  forwards. 
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Thd  cage  is  sufficiently  illustrated  in  the  above  plates;  it  requires 
very  little  description  itself,  as  it  is  merely  a  skeleton  table  to  support 
the  traversing  stage  which  can  be  fixed  to  four  of  its  surfaces.  It  is 
fastened  to  the  frame  by  four  feet  (67,  68) ;  these  carry  round  bolts 
which  drop  into  the  slots  (42,  43)  in  the  frame  sad  the  feet  are  locked 
by  screws  (44,  45)  half  cut  away  to  avoid  the  necessity  of  removing 
them  and  the  risk  of  their  being  mislaid.  So  far,  the  object  of  the 
cage  is  very  simple,  but  its  dimensions  are  important,  as  they  are 
necessary  factors  in  the  measurement  of  the  head  and  the  excursion  of 
the  needle.  In  planning  the  dimensions  of  the  first  instrument  of 
this  pattern,  realizing  the  great  importance  of  rigid  support,  for 
accurate  movement  of  the  needle,  and  wishing  at  the  same  time  to 
keep  the  machine  light,  it  was  desirable,  in  all  positions,  to  fix  the 
needle  as  near  the  head  as  possible,  and  the  three  diameters  of  the 
cage  were  made  approximately  proportional  to  those  of  the  cranium. 
Consequently,  the  distance  from  the  surface  of  the  cage  to  the  zero 
plane  parallel  to  it  was  different,  in  the  vertical,  transverse  and  longi- 
tudinal diameters.  This  involved  an  element  of  complication  in 
measurement,  for  scales  and  instruments  had  to  be  adjusted  sepa- 
rately for  each  dimension.  As  the  whole  instrument  is  now  always 
suspended  on  springs  and  supports  the  head,  a  slight  increase  of 
weight  is  immaterial.  The  dimensions  of  the  present  cage,  from 
the  surface  to  the  parallel  zero  plane,  are  identical  in  all  three 
diameters  and  no  adjustment  of  scales  or  instruments  for  measurement 
from  different  positions  is  required.  This  simplifies  the  procedure 
and  the  cage  has  been  strengthened  sufficiently  to  allow  of  the  altera- 
tion without  risk  of  impaired  accuracy. 

As  soon  as  the  cage  is  secured,  the  measurements  of  the  cranium 
are  taken  in  its  vertical,  transverse  and  longitudinal  diameters,  with  the 
needle  gauge  (PL  XXII),  described  in  Chapter  V.  The  measurement 
of  the  anterior  longitudinal  diameter  in  the  cat  is  discussed  in  the  same 
chapter. 

The  measurements  of  the  cranium  are  compared  with  those  of  the 
standard,  the  extensible  scales  (PI.  IX)  set  accordingly  and  inserted 
in  the  clamps  (84,  86)  provided  for  them  in  the  traversing  stage  (69) 
and  inner  sheath  (93)  of  the  needle-holder  and  their  zero  points 
made  to  coincide  with  those  of  the  millimeter  scales. 
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Plate  XIII 

The  traTenmg  ttage  is  a  square  frame  for  carrying  the  needle 
and  its  holder  with  a  graduated  moyement  in  three  planes,  two  in  the 
plane  of  the  stage  and  one  perpendicular  to  it  With  clamps  and 
steady  pin%  the  frame  can  be  applied  to  the  free  surfaces  of  the  cage 
in  seven  positions,  four  above,  that  is,  facing  four  different  ways,  for- 
wards, badnrards  and  to  either  side,  and  it  can  also  be  fixed  to  both 
sides  and  the  back  of  the  cage.  It  is  always  fitted  so  that  crossed  lines, 
pcwsing  through  the  zero  points  of  its  longitudinal  and  transverse 
scales,  coincide  with  the  crossed  zero  lines  of  a  lamella,  parallel  to  it, 
of  the  cranium  or  charts.  As  it  is  applied  in  several  positions,  the 
relations  of  its  parts  and  their  movements  are  subject  to  similar  varia- 
tions; but  for  purposes  of  description,  and  always  unless  otherwise 
stated,  it  is  assumed  to  be  in  the  first  position  on  the  top  of  the  cage 
(PI.  X),  the  needle  facing  forwards,  its  carrier  moving  on  transverse 
guides  (70a,  706),  these  in  turn  travelling  on  longitudinal  guides 
(91)  and  the  terms  right  and  left  corresponding  to  the  sides  of  the 
head  in  the  machine.  So,  the  movements,  like  those  of  the  stage  of 
a  microscope  and  effected  by  rack  and  pinion,  are  longitudinal  and 
transverse  in  the  first  position,  but  are  reversed  when  the  needle  faces 
left  or  right;  and  when  the  stage  is  applied  to  the  right,  left,  or  rear 
faces  of  the  cage,  the  transverse  movement  becomes  vertical  and,  in 
the  latter  case,  the  longitudinal  becomes  transverse.  The  needle  is 
fixed  on  a  bed  (94)  perpendicular  to  the  stage,  this  is  moved  by  radc 
and  pinion  in  an  inner  sheath  (93),  which  slides  in  an  outer  sheath 
(72),  the  latter  being  pivoted  to  the  needle  carrier  (71),  and  with 
a  quadrant  scale  (77)  it  can  be  inclined,  at  any  angle  up  to  25"*,  in 
one  direction  and  in  one  plane;  but  since  it  can  be  brought  to  any 
plane  by  the  movements  and  positions  of  the  stage,  a  large  choice 
of  positions,  inclination  and  movements  is  provided. 

The  changes  of  direction  on  the  top  of  the  cage  are  introduced 
only  for  the  purpose  of  varying  the  angle  of  inclination ;  for  a  verti- 
cal needle,  one  position  is  suflBcient.  In  the  first  four  positions 
referred  to  it  can  be  inclined  downwards  and  to  the  left^  downwards 
and  to  the  right,  downwards  and  forwards  and  downwards  and  badc- 
wards,  respectively. 

In  every  position  the  crossed  lines,  real  or  assumed,  are  the  identi- 
cal zeros  in  stage,  chart  and  the  lamella  of  the  head  itself,  and  measure- 
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ments  are  reckoned  from  both  sides  of  them  in  millimeters  or  coordi- 
nates. In  the  stage^  millimeter  scales  graduated  from  these  zero 
points  are  engraved  on  the  transverse  (70a,  b)  and  longitudinal  (91) 
guides;  attached  to  them  are  extensible  spring  scales  (82,  83)  which 
are  adjusted  proportionally  to  the  dimension  they  represent,  after  gaug- 
ing the  selected  head ;  the  spirals  representing  coordinates,  which  bear 
the  same  ratio  to  millimeters  as  the  whole  dimension  does  to  the  stand- 
ard. Ivory  millimeter  scales  (88,  89)  are  also  attached  to  the  guides. 
Thus,  there  are  three  sets  of  scales  for  each  movement,  the  engraved 
scale  on  the  guide,  an  ivory  one  and  the  extensible  scale  between  them. 
They  must  always  be  adjusted  so  that  their  zero  points  coincide  and 
the  same  index  reads  them  all  simultaneously,  keeping  the  observer 
informed  of  the  number  of  millimeters  and  coordinates  between  the 
needle  and  the  zero  plane  to  which  the  scales  relate.  Ivory  scales 
are  not  absolutely  necessary  and  can  be  dispensed  with;  they  were 
introduced  because  brass  is  so  easily  tarnished  and  stained  in  opera- 
tions that  it  is  sometimes  difiScult  to  read  the  scales  on  the  guides. 
In  future  I  propose  to  employ  white  metal  not  so  easily  i^ected 
which  will  I  think  make  the  ivory  scale  superfluous. 

Direction  of  Needle. — ^The  carrier  (71),  with  the  needle  in  it,  is 
racked  with  transverse  and  longitudinal  movements  from  either  side 
of  the  crossed  zero  lines  of  the  stage  and  any  parallel  lamella  of  the 
cranium  and  it  is  easy  to  bring  the  needle  opposite  to  any  selected 
point  in  the  latter  by  these  movements.  The  selected  point  must 
lie  in  at  least  one  lamella  in  each  plane ;  if  we  locate  it  in  one  paral- 
lel with  the  stage,  we  can  imagine  the  chart  of  this  lamella  used  like 
a  lantern  slide  and  inserted  in  the  place  of  the  actual  lamella  in  the 
cranium,  its  ruled  zero  lines  coinciding  with  crossed  lines  drawn 
between  the  zero  points  of  the  stage.  We  identify  the  objective  point 
by  measurement  from  the  two  zero  lines  of  the  chart  lamella  and  move 
the  carrier  the  same  distance  from  the  corresponding  zeros  of  the  stage. 
The  needle  must  then  be  opposite  the  objective  and  it  only  remains 
to  rack  or  slide  it  up  to  that  point.  The  measurement  of  the  projec- 
tion of  the  needle  will  be  described  in  another  section.  In  the  example 
given,  where  the  objective  is  located  in  a  lamella  perpendicular  to  the 
needle,  the  function  of  the  stage  is  to  bring  the  needle  opposite  the 
objective  point  by  two  movements,  leaving  the  third,  the  projection 
of  the  needle,  to  bring  it  to  the  required  point;  but  the  objective 
may  be  located,  if  preferred,  in  a  lamella  perpendicular  to  the  stage 
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and  parallel  to  the  needle.  In  that  ease  one  movement  of  the  stage 
brings  the  needle  to  the  edge  of  the  lamella,  the  second  brings  it  into 
line  with  the  objective,  which  is  reached  by  the  projection  of  the 
needle;  as,  for  example,  one  movement  might  bring  a  needle  in  the 
same  plane  to  the  edge  of  a  certain  page  in  a  book,  a  second  movement 
to  a  particular  line  on  that  page,  and  the  projection  direct  it  to  a 
particular  letter.  This  method  is  adopted  with  the  inclined  needle, 
and  will  receive  more  detailed  explanation  elsewhere  (Chapter  V) ; 
but  it  may  be  mentioned  here  that,  as  the  needle  can  be  inclined  only 
in  one  plane,  the  objective  point  must  be  located  in  a  plane  parallel 
to  that  inclination  and  therefore  perpendicular  to  the  stage.  The 
needle  is  brought  to  the  edge  of  the  selected  lamella  by  one  movement 
of  the  stage,  as  if  the  lamella  were  the  page  of  the  suggested  book; 
by  the  second  movement  of  the  stage  and  the  projection  of  the  needle, 
it  would  be  easy  to  bring  the  point  of  the  latter  to  any  letter  on  the 
page  if  they  were  visible.  Thus,  of  course,  they  are  not  in  the  cranium, 
but  it  is  practicable  in  the  indicator  described  in  Chapter  VI,  where 
all  the  parts  are  represented  and  in  view,  and  the  movement  can  be 
copied  and  repeated  in  the  operating  machine.  It  should  be  noted 
that  one  movement  of  the  stage  measured  by  its  corrected  scale  brings 
the  needle  to  the  edge  of  the  lamella;  the  other  two  movements  are 
determined  in  the  indicator,  and  are  merely  copied  in  the  machine  by 
corresponding  scales  in  which  millimeters,  not  coordinates,  are 
employed,  any  corrections  required  having  already  been  made  in  the 
indicator. 

A  mechanical  detail  connected  with  the  stage  must  be  mentioned. 
Both  transverse  guides  (70a,  b)  have  millimeter  scales  engraved  on 
them.  In  one,  the  posterior  (706),  the  zero  is  at  the  center,  i.  e.,  half- 
way up  the  guide,  and  the  scale  is  graduated  from  it  on  both  sides. 
On  the  anterior  guide  (70a)  the  zero  is  at  the  end,  the  scale  is  gradu- 
ated towards  the  center  and  the  syllable  Trans,  is  also  engraved,  indi- 
cating that  this  scale  is  used  when  the  needle  is  directed  transversely, 
as  it  is  when  the  stage  is  applied  to  either  side  of  the  cage  (positions 
5  and  6).  The  scale  on  the  posterior  guide,  which  is  employed  in 
all  other  positions,  is  not  available  when  the  stage  is  applied  to  either 
side  (5  and  6).  In  the  first  four  positions,  where  the  stage  is  above 
the  cage,  the  zero  of  the  posterior  guide,  which  is  in  the  middle,  coin- 
cides with  either  the  frontal  or  sagittal  zero  plane  of  the  instrument 
and  head.    When  the  stage  is  applied  to  the  rear  face  of  the  cage  and 
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the  transverse  guides  are  vertical,  again  this  median  zero  is  level  with 
the  upper  border  of  the  horizontal  frame  and  the  basal  zero  plane. 
But  the  stage  cannot  be  applied  to  the  sides  of  the  cage  at  this  level 
(positions  5  and  6),  owing  to  the  clamps  and  screws  of  the  lateral 
bars,  and  it  must  be  applied  with  the  edge  of  the  stage  resting  on  the 
horizontal  frame  (see  PL  XI).  This  is  the  vertical  zero,  and  obviously 
cannot  be  measured  by  the  scale  of  the  posterior  guide,  as  its  zero  point 
cannot  be  brought  down  to  this  level;  hence,  the  scale  of  the  anterior 
guide  is  used  for  these  two  positions  5  and  6,  and  is  read  upwards 
from  a  zero  level  with  the  upper  surface  of  the  horizontal  frame  or 
head-vice. 

Seven  Positions. — The  beginner  may  experience  some  little  diflB- 
culty  in  recognizing  the  seven  positions  in  which  the  stage  is  applied. 
The  illustrations  will  assist  him  and,  in  addition,  the  following  points. 
The  four  positions  on  the  top  of  the  cage  are  identified  by  the  aspect 
of  the  needle  which  may  face  forwards,  backwards,  or  to  right  or  left. 
In  the  three  remaining  positions  the  transverse  guides  are  vertical 
and  the  needle  horizontal.  Held  in  that  position,  the  projecting 
quadrant  scale  (77)  may  be  above  the  needle,  or  below  it;  it  should 
be  above  in  all  the  positions,  so  that  the  point  of  the  needle  can  be 
inclined  downwards.  If  the  stage  is  held  with  the  transverse  guides 
vertical  and  the  quadrant  above  the  needle,  it  can  be  applied  in  that 
position  to  the  right,  left,  or  rear  face  of  the  cage,  resting  with  its 
edge  on  the  horizontal  frame  in  the  lateral  positions  5  and  6;  but 
in  the  seventh  position,  behind,  the  central  zero  of  the  posterior  guide 
must  be  level  with  the  upper  surface  of  the  frame.  When  applied  as 
directed,  the  steady  pins  will  fit  into  the  holes  belonging  to  them,  and 
the  stage  must  be  secured  with  its  two  clamps. 

Plate  XIV. — Thb  Nbedls-Holder 

In  describing  the  needle-holder  it  is  assumed  to  be  in  the  first  posi- 
tion (PI.  X),  standing  vertically  on  its  point,  the  face  of  the  ivory 
bed  (94)  looking  forwards,  the  locking  screw  (96)  at  the  top  and  the 
extensible  scale  (111)  on  its  right 

Its  object  is  to  carry  various  needles,  with  their  special  adjustments 
and,  in  the  case  of  the  electrolytic  needles,  with  electrical  connections, 
in  a  plane  perpendicular  to  that  of  the  travelling  stage  and  to  one  of 
the  three  zero  planes  of  the  instrument  and  the  cranium.     On  the 
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right  dde,  the  scale  (112)  for  recording  rectilinear  moyements  is 
attached  and  set,  so  that  the  distance  of  the  point  of  the  needle  from 
the  zero  plane  to  which  it  is  perpendicular  is  always  shown,  and  when 
the  index  reaches  zero  the  point  of  the  needle  is  at  the  zero  plane. 
On  the  left,  the  indicator  scale  (110)  for  inclined  movements  records 
the  length  of  needle  projected  from  pivot  to  point 

The  needle-holder  consists  essentiflJly  of  a  bed  (94)  and  two  sheaths, 
an  inner  (PL  XIV,  93)  and  an  outer  (PI  XIII,  72).  The  bed,  which 
is  made  of  ivory  for  the  electrolytic  needle  and  of  brass  for  the  others, 
has  the  needle  and  its  special  appliances  attached  to  it  and  travels  in  the 
inner  sheath  by  a  rack  and  pinion  movement,  which  may  be  regarded 
as  a  fine  adjustment;  on  the  right  (rectilinear),  its  excursion  is  r^s- 
tered  by  an  adjustable  index  (113)  attached  to  the  bed  and  by  exten- 
sible (111)  and  ivory  millimeter  scales  (112),  fixed  close  together  on 
the  inner  sheath.  The  index  reads  both  at  once  and  they  have  the 
same  zero,  which  always  corresponds  to  the  zero  plane  to  which  the 
needle  is  perpendicular,  t.  e.,  when  the  point  of  the  needle  is  at  that 
zero  plane,  the  index  is  at  zero  on  the  scales,  so  that  the  index  always 
records  the  distance  of  the  point  of  the  needle  from  the  plane  in  milli- 
meters and  in  divisions  of  the  spiral  scale  at  the  same  time.  These  are 
called  scales  of  the  rectilinear  needle.  The  inner  sheath  slides  in  the 
outer,  which  is  pivoted  to  the  carrier  of  the  travelling  stage  (PL  XIII, 
71).  It  is  provided  with  a  graduated  quadrant  and  clamp  by  which 
the  needle  can  be  directed  and  fixed  at  various  angles.  With  inclined 
movements  we  employ  the  indicator  scale  on  the  left,  which  records 
the  length  of  needle  projected  in  millimeters  only.  The  sliding  move- 
ment between  the  inner  and  outer  sheaths  serves  as  a  coarse  adjustment 
for  the  excursion  of  the  needle  and  can  be  arrested  and  locked  at  any 
point  by  the  milled  head  (96)  above  the  holder. 

The  inner  sheath,  which  is  made  of  brass,  terminates  at  its  lower 
extremity  in  two  jaws  together  forming  a  blunt  point  called  the  stop 
(97).  The  jaws,  which  spring  apart  sufficiently  to  admit  the  needle, 
are  brought  together  by  a  tension  screw  (99) ;  they  are  lined  with 
ivory,  and  grooved  in  the  center  for  the  needle,  which  is  thus  sup- 
ported close  to  the  cranium.  The  sliding  movement  of  the  inner 
sheath,  which  includes  the  stop,  also  carries  the  bed  and  the  needle 
with  it,  while  the  rack  and  pinion  project  the  needle  through  the  stop. 

These  arrangements  and  movements,  the  sliding  between  the  sheaths, 
the  racked  projection  of  the  bed,  the  quadrant  regulating  the  inclina- 
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tion  of  the  outer  sheath  and  therefore  of  the  needle  and  the  scales 
by  which  the  movements  are  regulated,  which  will  be  described 
immediately,  are  applicable  to  all  varieties  of  needles,  but  two  or 
three  diflferent  forms  of  bed  are  adapted  to  the  particular  objects  of 
the  needles  attached  to  them.  The  beds  all  fit  the  inner  sheath  and 
can  be  easily  interchanged,  a  necessary  provision,  as  no  matter  what 
needle  is  employed  it  is  always  preceded  by  the  pilot  needle  (PI.  XVI, 
1),  a  plain  steel  needle  tapering  to  about  the  same  caliber  as  the 
one  which  follows;  it  penetrates  membranes,  is  not  easily  deflected 
and  traverses  structures  with  little  injury.  As  soon  as  it  has  reached 
the  required  point,  it  is  retracted,  the  bed  to  which  it  is  fixed  removed 
and  an  operating  needle,  already  mounted  gn  its  bed,  substituted.  The 
pilot  needle  requires  no  manipulation  beyond  its  linear  projection  and 
is  always  kept  mounted  on  a  plain  brass  bed  engraved  with  scales, 
but  with  no  other  fittings.  With  all  forms  of  steel  cutting  needles, 
cyclotomes,  spherotomes,  etc.,  requiring  some  manipulation  for  pro- 
jection and  withdrawal  of  the  concealed  knife,  rotation,  etc.,  a  special 
bed  (PI.  XVI,  II)  is  necessary;  it  is  suitable  for  any  of  these  needles 
and  they  can  be  quickly  attached  and  removed. 

The  platino-iridium  needles  sheathed  in  glass  which  are  used  for 
electrolysis  and  stimulation  are  mounted  on  an  ivory  bed  with  elec- 
trical connections. 

A  general  account  of  various  needles  was  given  in  Chapter  I,  p.  17, 
as  their  application  and  use  form  the  essential  object  of  the  stereotaxic 
method  and  instruments,  but  it  is  advisable  to  add  a  detailed  descrip- 
tion of  the  needles  and  the  beds  on  which  they  are  mounted  in  this 
chapter. 

Beds  for  Pilot,  Cutting  and  Insulated  Needles. — ^Three  different 
forms  of  bed  are  used  and  represented  in  the  plates.  They  all  fit  the 
inner  sheath  (93)  of  the  holder,  and  when  racked  down  by  the  milled 
head  (95)  the  needle  which  is  attached  to  them  is  projected  through 
the  stop.  Those  for  the  pilot  and  cutting  needles  are  made  of  brass, 
but  the  bed  for  the  insulated  needles  used  for  electrolysis  or  stimula- 
tion is  made  of  ivory  and  fitted  with  adjustment  for  the  glass  sheath 
and  wires  and  electrical  connections. 

Bed  for  Insulated  Needles. — This  bed  is  shown  in  the  illustration 

fitted  in  the  inner  sheath  (93)  of  the  holder,  forming  part  of  an 

arrangement  for  fixing  special  needles  and  also  for  directing  and 

measuring  their  movements  and  fulfilling  their  special  requirements. 
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The  coarse  or  fine  projection  movements  of  the  needle  have  been 
referred  to  and  their  measurement  will  be  fully  described  (Chap- 
ter V).  They  are  required  for  all  forms  of  needle  and  are  secured 
by  the  sliding  and  racked  movements  of  the  inner  and  outer  sheaths 
and  the  bed  and  the  inclination  of  the  carrier  which  are  available 
with  all  varieties  of  bed,  and  these  parts  are  indicated  in  the  illus- 
trations by  the  same  numbers.  But  the  special  requirements  of  dif  * 
ferent  forms  of  needle  cannot  be  provided  by  a  single  bed  and  the 
varieties  alluded  to  will  now  be  described.  Special  means  are  required 
for  fixing  the  glass  and  platino-iridium  needles,  for  the  connections 
of  the  wires  for  the  passage  and  insulation  of  electrical  currents  for 
electrolysis  and  stimulation  and  the  rapid  adjustment  of  the  wires 
for  these  purposes.  The  provisions  which  this  bed  has  to  meet  may 
be  enumerated  as  follows: 

1.  For  fitting  the  glass  needle  quickly  and  accurately  and  replac- 
ing it  if  it  should  break. 

2.  For  connecting  the  wires  of  the  needle  with  the  leads  from  the 
battery  or  switch. 

3.  For  bringing  the  stop  into  circuit  when  required,  "live  stop.'' 

4.  For  adjusting  the  length  of  the  wires  and  their  projection  from 
the  point  of  the  glass  needle. 

5.  Against  short-circuiting  by  water. 

These  requirements  are  met  by  the  following  arrangements: 
The  bed  (94)  is  made  of  ivory  and  has  an  adjustable  index  (113) 
for  reading  the  rectilinear  scale  on  the  right,  and  on  the  left  is  the 
scale  for  the  inclined  needle  (110). 

Clamps. — It  is  important  that  all  clamps  which  hold  the  needle 
should  open  from  the  front  (or  from  above,  if  the  holder  is  lying  on" 
its  back)  so  that  the  needle  can  be  laid  on  its  bed  at  full  length.  It 
is  inconvenient  to  pass  rigid  and  fragile  glass  needles  through  holes 
or  under  clamps.  It  is  so  much  easier  to  make  clamps  with  screws 
which  pin  the  needle  to  the  bed  that  it  has  been  difficult  to  abolish 
them,  but  in  the  present  holder  lateral  clamps  are  employed.  The 
jaws  of  the  stop  (97)  are  first  separated;  next  a  pair  of  jaws  (102, 
102)  are  opened  by  two  eccentric  cams  (103,  103).  Each  of  the 
milled  heads  of  the  cams  has  a  line  marked  on  its  anterior  surface, 
and  when  the  two  lines  are  at  corresponding  angles,  the  jaws  are 
equidistant  from  the  middle  line;  in  other  words,  they  center  the 
needle.    A  small  piece  of  fine  rubber  is  drawn  over  tlie  needle  between 
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these  jaws  and  secures  a  firm  hold  without  the  risk  of  fracture.  At 
104-105  there  is  an  arrangement  to  prevent  short-circuiting.  The 
wires  leave  the  double  glass  tubes  almost  touching  one  another  and 
may  be  short-circuited  by  a  drop  of  water.  It  is  not  necessary  to 
sluice  the  needle  with  hot  water  and  the  free  douche  is  bad  for  animals 
and  instruments,  but  if  it  is  resorted  to,  a  provision  of  this  kind  is 
indispensable.  The  accident  is  prevented  by  the  ivory  wedge  (105) 
tapering  to  a  knife-edge  which  passes  between  the  wires  till  it  is  in 
contact  with  the  glass.  Before  the  needle  is  placed  in  position,  the 
arm  (104),  which  is  fixed  on  a  pivot,  is  swung  out  of  the  way.  A 
small  piece  of  thin  rubber,  with  a  notch  in  it  to  receive  the  edge  of 
the  ivory  wedge,  is  first  laid  on  the  ivory  bed,  the  needle  on  this,  and 
a  second  piece  of  rubber,  like  the  first,  is  laid  over  the  needle.  Then 
the  arm  (104)  is  swung  back  to  its  place;  it  carries,  on  a  screw,  a 
small  plate  with  a  notch  like  the  pieces  of  rubber  and  which  also  like 
them  receives  the  edge  of  the  ivory  wedge;  then  the  whole  is  secured 
by  two  or  three  turns  of  the  screw.  The  end  of  the  glass  needle  and 
its  two  wires  are  sandwiched  between  the  bed  and  plate  and  the  two 
pieces  of  rubber;  the  latter  project  a  little  way  on  both  sides  of  the 
wedge  and  being  in  firm  contact  no  water  can  pass  between  them. 

The  wires,  which  can  be  seen  on  both  sides  of  the  wedge,  drop 
into  slits  and  are  gripped  by  clamping  screws  in  brass  sliding  shoes 
(107,  107) ;  the  terminals  (108,  108)  which  receive  the  leads  from 
the  switch  are  fixed  to  the  same  shoes,  establishing  a  connection 
between  the  leads  (116,  117)  and  the  wires  of  the  needle.  The  shoes 
are  attached  to  screws  (109,  109)  and  by  means  of  two  small  drums 
with  milled  heads,  which  can  be  worked  easily  with  the  tip  of  one 
finger,  the  shoes,  and  therefore  the  needle  wires,  can  be  projected  and 
withdrawn  and  the  wires  at  the  needle-point  adjusted  ^th  great  nicety. 

The  millimeter  scale  (110)  on  the  left  of  the  bed,  which  is  used 
when  the  needle  is  inclined,  is  read  by  an  adjustable  index  seen  in 
Plate  X,  79.  This  and  the  extensible  (111)  and  ivory  millimeter 
(112)  scales  of  the  rectilinear  needle,  which  have  been  mentioned, 
will  be  more  fully  explained  immediately.  Three  leads  are  seen  (116, 
117,  118).  At  one  end  they  are  connected  with  the  switch  (PI.  XII, 
140) ;  at  the  other,  two  of  them  with  the  shoes  and  so  with  the  wires 
of  the  needle,  and  the  third  with  a  terminal  (101)  which  can  be 
connected  by  a  shunt  (100)  with  the  metal  jaws  of  the  stop.  The 
shunt  is  not  absolutely  necessary,  since  the  leads  can  be  disconnected 
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at  the  switch,  but  it  is  an  additional  precaution.  It  is  useful  to  be 
able  to  bring  the  stop  into  circuit  when  faradic  currents  are  applied 
for  the  stimulation  of  deep  centers  or  tracts.  When  these  are  excited 
with  an  insulated  needle,  it  is  often  difficult  to  decide  whether  the 
response  is  genuine,  t.  e.,  originates  at  the  point  directly  stimulated 
and  can  be  regarded  as  evidence,  so  far,  of  a  function  of  that  struc- 
ture, or  whether  it  is  really  elicited  from  some  more  excitable  area 
near  enough  to  be  affected  by  what  is  called  escape.  It  is  not  always 
possible  to  settle  that  question.  In  some  cases,  by  numerous  experi- 
ments in  diflferent  animals  with  currents  of  various  strength  and  by 
comparing  the  results  with  those  obtained  by  direct  stimulation  of 
the  suspected  areas,  a  fairly  definite  conclusion  can  be  reached.  (Con- 
siderable assistance  may  be  afforded  by  having  at  hand  a  means  of 
quickly  changing  the  circuit  so  that  different  structures  are  implicated. 
As  a  rule,  the  shorter  the  arc  the  better;  there  is  less  chance  of  other 
structures  being  involved,  so  it  is  generally  advisable  to  use  the  double- 
barrelled  or  the  concentric  needle  with  an  arc  of  little  more  than  1  mm. 
between  the  points.  If  the  stop  is  employed,  it  must  be  in  contact 
with  the  surface  of  the  brain,  then,  by  a  single  movement  of  the  switch, 
one  of  the  needles  can  be  disconnected  and  the  live  stop  brought  into 
circuit  by  the  lead  at  118.  The  current  then  passes  through  the  brain 
between  the  stop  and  the  point  of  the  focal  needle.  Another  move- 
ment of  the  switch  disconnects  the  live  stop,  brings  the  whole  instru- 
ment into  circuit  and  the  current  passes  between  the  focal  needle  and 
all  the  points  of  contact  of  the  instrument  with  the  surface  of  the 
cranium.  Without  any  loss  of  time,  therefore,  these  three  variations 
of  the  circuit  can  be  tried  immediately  one  after  the  other,  the  results 
compared  and  useful  information  may  be  obtained.  It  is  obvious  that, 
if  there  is  escape,  it  is  more  likely  to  occur  under  the  latter  condi- 
tions, with  an  extended  and  diffused  arc;  hence,  if  the  response  is 
more  marked  imder  these  conditions  the  probability  of  the  first  result 
having  been  due  to  escape  is  increased.  There  may  also  be  some  dif- 
ference in  the  character  of  the  response  and  it  is  an  advantage  to  have 
these  alternatives  provided  for. 

Pivot  Stop  Line. — On  the  back  of  the  inner  sheath  of  the  holder 
there  is  a  transverse  line  on  which  the  letters  P.  J3.  are  engraved; 
they  stand  for  the  words  "  pivot  stop  '*  and  indicate  that  when  this 
transverse  line  coincides  with  the  top  of  the  external  sheath,  the  point 
of  the  stop  is  level  with  the  center  of  the  pivot.    The  needle  is  inclined 
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by  rotation  on  this  pivot,  which  is  the  zero  from  which  its  length  is 
measured ;  this  must  be  known  to  make  the  operating  needle  correspond 
with  the  finder  of  the  indicator. 

Plate  XV. — Insulated  Platino-Iridium  Needle 

Platino-iridium  needles  insulated  in  glass  tubes  are  employed  for 
electrolysis  and  stimulation;  one  of  the  double-barrelled  variety  is 
shown,  mounted,  in  the  illustration  of  the  needle-holder. 

I  have  not  made  any  alteration  in  the  three  varieties  of  these 
needles  which  I  designed,  and  of  which  a  description  has  been  pub- 
lished (1).  They  comprise  the  single  needle  (1),  the  double-barrelled 
needle  (2)  and  the  concentric  needle  (3). 

For  electrolysis  the  single  needle  is  nearly  always  used.  It  is  easily 
introduced  and  makes  a  smaller  wound  than  the  others.  Any  size 
may  be  selected  and  the  exact  amount  of  wire  protruding  precisely 
regulated  by  the  attachment  of  the  sliding  shoe  (107).  With  these 
variations  and  regulation  of  the  intensity  and  duration  of  current, 
the  exact  size  of  the  lesion  required  can  be  accurately  controlled  with 
a  little  practice.  The  anode  should  always  be  employed  if  precise 
crrcumscribed  lesions  are  desired.  With  a  wire  of  0.3  mm.  diameter, 
projecting  1.5  mm.,  and  6  ma.  current,  for  20  seconds,  a  spherical 
lesion  of  about  2  mm.  in  diameter  can  be  obtained. 

The  head-vice,  with  its  numerous  points  of  contact^  serves  for  the 
indifferent  electrode,  or  a  pad  saturated  with  saline  solution  may  be 
applied  to  any  part  of  the  skin. 

If  it  is  desired  to  make  an  electrolytic  lesion  in  a  structure  from 
which  some  response  to  excitation  can  generally  be  elicited,  it  is  usual, 
after  introducing  the  needle,  preferably  the  single  one,  to  try  the 
eflfect  of  a  preliminary  stimulation  to  verify  the  position.  In  this 
case,  and,  as  a  rule,  when  the  single  needle  is  employed  for  stimula- 
tion, it  should  be  used  with  the  live  stop,  which  must  be  in  contact 
with  the  surface  of  the  brain;  but  must  of  course  be  disconnected  for 
the  electrolysis,  or  it  would  produce  a  cathodal  lesion  of  the  cortex. 

But  for  excitation  generally,  the  short  arc  affords  the  best  chance 
of  avoiding  escape  and  one  of  the  double  needles  should  be  employed, 
corrected  by  varying  the  circuit  in  the  way  already  described. 

The  glass  sheath  of  the  double  needle  is  made  by  fusing  two  small 
tubes  together  for  a  short  distance  and  then  heating  and  drawing  them 
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out  For  the  double-barrelled  needle  (2)  they  are  brought  to  a  poiut 
on  a  fine  carborundum  wheel  and  the  ends  of  the  wires  ground  paral- 
lei  with  the  orifice.  In  the  concentric  needle  (3)  one  wire  is  planted 
and  projects  from  the  end  of  one  of  the  tubeSy  as  in  the  single  needle ; 
the  other  gIaM$  tube  is  ground  away  two  or  three  millimeters  below 
iti  fellow  and  the  wire  from  the  second  tube  is  flattened  and  fused 
into  a  little  collar,  about  1  mm«  broad,  which  encircles  the  first  tube 
about  1  mm.  from  its  extremity,  the  point  of  the  first  wire  being 
separated  from  the  collar  by  about  1  mnu  of  glass  tube,  the  current 
passing  between  the  point  and  the  collar.  In  all  the  needles,  by  the 
attachment  of  the  wires  to  the  shoes  on  the  needle-holder,  the  exact 
adjustment  of  the  termination  of  the  wires,  their  relation  to  one 
another  and  to  the  ends  of  the  glass  tube  can  be  easily  regulated.  The 
double-barrelled  needle  traverses  tissues  more  readily  and  makes  a 
smaller  track  than  the  concentric,  but  the  latter  gives  a  more  equably 
diffused  current,  which  is  advantageous  for  the  stimulation  of  groups 
of  cells.  When  the  operator  desires  to  marie  the  point  at  which  a 
particular  response  was  elicited,  either  of  the  needles  can  be  employed 
for  the  purpose.  The  apparatus  should  be  kept  arranged  so  that  a 
galvanic  current  from  a  battery  with  a  milliamperemeter  and  rheostat, 
and  also  a  faradic  current  from  an  induction  coil,  can  be  switched  on 
or  oflF  and  interchanged  at  pleasure ;  by  the  switch  on  the  instrument 
it  can  be  directed  into  one  or  both  of  the  wires  of  the  needle  and  the 
size  of  the  lesion  determined.  If  both  wires  of  the  concentric  needle 
are  brought  into  circuit,  a  lesion  of  considerable  size  is  quickly  formed. 
The  following  table  gives  some  idea  of  the  sizes  of  the  needles  and 
glass  tubes  commonly  used : 

Standard 

wire  ^a8r«  DUmeter  in 

vBritiah)  mm. 

L  Single  needle,  fine 32  0.19 

Glass  tube  for  same 27  0.34 

2.  Single  needle,  large 25  0.45 

Glass  tube  for  same 21  0.70 

3.  Double^Murrelled  needle /  f ^  ^H 

\  30  0.27 

Glass  tubes  for  same (^  ^'^ 

\  24  0.50 
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Plate  XVI. — Operating  Steel  Neebles  and  Beds 
This  plate  shows  some  steel  operating  needles  and  the  beds  for  them. 

I.  The  pilot  needle  with  its  bed  in  which  it  is  kept  mounted  as 
it  is  always  required. 

II.  The  horizontal  eyclotome  mounted  on  a  bed  which  serves  for 
the  other  forms  of  cutting  needle  shown  at  III  and  IV,  and  a  fine 
tube  (V)  provided  with  a  funnel  and  a  rod  which  fits  it  and  is  used 
for  introducing  drugs. 

III.  Orthotome. 

IV.  Dr.  Mussen's  spherotome. 

V.  Fine  steel  tube  for  introducing  drugs. 

Plate  XVI,  A 

A  drawing  of  an  improved  form  of  bed  for  these  cutting  needles 
which  has  not  been  constructed  yet. 

Plate  XVII 

Separate  drawings  of  some  of  the  cutting  needles  at  present 
constructed. 

The  instruments  enumerated  above  must  now  be  described  more 
fully. 

Plate  XVI. — Operating  Needles  and  Beds 

1.  The  Pilot  Needle. — It  is  advisable  that  the  introduction  of  all 
insulated  or  cutting  needles  should  be  preceded  by  a  plain  steel  needle 
of  slightly  greater  caliber  than  that  which  follows ;  it  makes  a  smoother 
track,  is  less  easily  deflected  than  glass  needles,  and  if  membranous 
structures  are  encountered,  this  is  important;  the  dura  can  be  per- 
forated without  an  incision  and,  on  the  whole,  it  contributes  to  smaller 
lesions  and  greater  accuracy.  Two  or  three  sizes  should  be  available 
and  a  suitable  one  fixed  in  the  clamp  on  the  special  bed  shown  in  the 
illustration.  After  the  pilot  has  been  introduced,  it  is  withdrawn, 
the  bed  removed  from  the  inner  sheath  and  a  special  needle  already 
mounted  on  its  bed  substituted. 

2.  Chitting  Needles. — ^These  are  hollow  steel  needles  such  as  are 
used  for  hypodermic  injections,  but  with  blimt  points.  A  wire  or 
fine  watch-spring  knife  can  be  projected  a  few  millimeters  from  a 
slot  near  the  point,  and  then  by  rotating  the  needle,  or  projecting 
or  retracting  it  a  short  distance,  various  small  localized  lesions  or 
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incisions  can  be  produced.  The  smallest  needles  of  this  kind  which 
I  have  used  are  1  nun.  in  diameter  and  the  knife  can  be  projected 
4  mm.,  catting  a  disc  when  rotated  of  9  nun.  in  dianoeter  and  of  any 
size  below  tiiis.  But  for  some  purposes  the  finest  hypodermic  needles 
from  which  a  steel  wire  can  be  projected  2  or  3  nun.  may  be  employed, 
and  very  precise  and  restricted  lesions  can  be  produced  in  deq)  struc- 
tures like  the  central  ganglia  with  such  trifling  injury  that  it  can  be 
ignored  and  the  conditions  apart  from  the  lesion  regarded  as  normal. 
The  following  varieties  of  these  needles  are  available  at  present  : 

1.  The  Horiiontal  Cydotome.— (PL  XVI,  II.)  A  fine  watch- 
spring  is  projected  almost  horizontally  from  a  slot  in  the  side  of  a 
needle,  1  mm.  in  diameter,  close  to  its  extremity.  The  knife  can  be 
projected  any  distance  up  to  4  nun.  and  when  rotated  cuts  a  disc  per- 
pendictdar  to  the  needle  of  any  diameter  up  to  9  mm. 

2.  The  Vertical  Cyclotome.— (PI.  XVII.)  This  can  be  made  of 
various  sizes  in  accordance  with  the  object  for  which  it  is  required. 
A  hollow  needle,  1  nun.  in  diameter,  is  divided  by  a  longitudinal 
incision  for  from  2  to  5  mm.  from  its  extremity,  a  flat  watch-spring 
knife,  slightly  shorter  than  the  incisicm  which  it  occupies,  is  pivoted 
about  its  center  by  a  small  rivet;  the  wire  which  passes  down  the 
needle  is  pivoted  to  the  proximal  end  of  the  knife.  When  introduced, 
the  knife  is  entirely  concealed  in  the  incision,  in  which  it  lies  paral- 
lel with  the  needle;  by  pressure  on  the  wire,  the  knife  is  made  to 
rotate  upon  its  pivot  until  it  projects  at  right-angles  to  the  needle,  an 
equal  distance  on  both  sides  of  it.  In  reaching  this  position  it  cuts 
two  diagonal  quadrants  and  by  retraction  of  the  wire  the  knife  regains 
its  original  position;  the  needle  is  then  rotated  half  a  turn  and  the 
knife  again  projected  till  it  is  horizontal;  it  thus  cuts  two  other 
diagonal  quadrants  complementary  to  the  first  and  completes  a  disc 
the  plane  of  which  is  parallel  to  the  axis  of  the  needle,  the  diameter 
being  the  same  as  the  length  of  the  knife. 

3.  The  Orthotome.— (PI.  XVII,  137)  is  like  the  last,  but  instead 
of  the  knife  being  pivoted  on  its  center,  the  rivet  is  at  the  distal  end, 
and  when  pressure  is  applied  to  the  wire  the  knife  projects  horizon- 
tally from  one  side  of  the  needle  and  in  its  movement  to  this  position 
cuts  a  quadrant;  if  the  needle  is  projected  or  withdrawn  a  few  milli- 
meters the  knife  makes  a  linear  incision  of  its  own  length  parallel 
with  the  needle. 
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4.  The  Sphcrotomc— (PL  XVII,  138)  designed  by  Dr.  Aubrey 
Mussen.  Here  a  steel  wire  ending  in  a  watch-spring  knife  is  intro- 
duced into  a  hollow  needle.  The  extremity  of  the  knife  rests  in  a 
slot  close  to  the  end  of  the  needle  and  is  there  pivoted  with  a  rivet ; 
one  side  of  the  needle  for  a  few  millimeters  from  its  end  is  filed  away 
to  expose  the  watch-spring  which  bulges  outwards  in  the  form  of  a 
bow  when  pressure  is  applied  to  the  wire.  By  rotating  the  needle 
when  the  spring  projects,  a  spheroidal  figure  is  cut,  the  size  and  shape 
of  which  depend  on  the  length  of  watch-spring  exposed  and  the  pres^ 
sure  applied  to  it. 

5.  Fine  Steel  Tube  for  Introducing  Drugs,  etc. 

I.  Pilot  Needle  Bed. — ^This  needle  has  no  movement  but  linear 
projection  and  retraction;  it  is  therefore  clamped  (120)  to  a  brass 
plate  with  a  rack  along  the  right  edge  which  fits  the  inner  sheath  (93) 
of  the  holder  (PL  XVI)  and  can  be  projected  by  the  racked  and  slid- 
ing movements  described.  It  is  provided  with  an  adjustable  index 
(113)  on  the  right  for  reading  the  rectilinear  scales  and  a  millimeter 
scale  (110)  on  the  left  for  inclined  movements.  A  screw  head  (118) 
serves  as  a  handle  for  introducing  it  or  removing  it  from  the  inner 
sheath. 

U.  Bed  for  Cutting  Needles. — For  all  these  needles  the  same  linear 
projection  movement  to  direct  them  to  any  required  point  in  the  brain 
is  necessary  and  is  provided  for  by  the  same  means ;  viz.,  a  brass  plate 
fitting  the  inner  sheath  and  with  an  adjustable  index  and  scales  simi- 
lar  to  those  which  have  just  been  described  with  the  pilot  needle. 
But  when  these  needles  have  reached  their  destination  some  mechan- 
ism is  necessary  for  their  special  purpose,  such  as  projecting  a  con- 
cealed knife  a  short  measured  distance,  rotating  the  needle  and  knife 
a  half  or  a  full  turn  and  then  retracting  the  knife  before  withdrawing 
the  needle.  The  bed  which  is  at  present  employed  for  this  purpose  is 
shown  in  Plate  XVI,  II.  A  design  for  an  improved  pattern  is  shown 
in  Plate  XVIA,  but  owing  to  the  war  it  has  not  been  possible  to  get 
it  made.  It  will  be  necessary  to  describe  both  patterns,  beginning  with 
the  one  in  use. 

Plate  XVI,  II.  The  inner  sheath  and  scales  are  the  same  as  those 
in  Plate  XIV  and  these  parts  are  indicated  by  the  same  figures.  The 
brass  bed  similar  to  that  of  the  pilot  needle  will  also  be  recognized 
and  the  projection  of  the  concealed  knife  and  the  rotation  of  the  needle 
are  effected  by  the  following  arrangement.    The  operating  needles 
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shown  in  Plates  XVI  and  XVII  have  the  same  construction  and 
consist  of : 

(1)  A  hollow  steel  needle  abont  1  mm.  in  diameter  with  an  open- 
ing close  to  the  distal  end  through  which  the  concealed  knife  (7)  is 
projected  and  terminating  at  the  proximal  end  in  a  brass  cylinder  (2), 
about  2  mm.  in  diameter  and  10  mm.  long^  terminating  at  both  ends 
in  milled  discs  (3  and  9).  These  parts  are  united  and  rotation  of 
the  discs  rotates  the  cylinder  and  needle  also.  The  cylinder  is  pro- 
longed above  the  disc  (3)  and  graduated  in  mm.  (4).  A  second 
rather  larger  cylinder  (5)  screws  over  (4)  and  its  lower  margin 
serves  as  an  index  to  read  the  graduations  on  (4).  The  cylinder  (5) 
is  screwed  down  by  the  milled  disc  (6)  and  carries  a  wire  which 
passes  down  the  hollow  needle  and  is  attached  to  the  knife  (7).  Con- 
sequently, when  the  cylinder  (5)  is  screwed  down,  it  projects  the 
knife  and  at  the  same  time  its  lower  edge  shows  on  the  graduations 
at  (4)  the  distance  the  knife  is  projected.  The  cylinder  (2)  is 
held  by  a  clamp  (119)  fixed  to  the  bed,  the  pressure  of  the  clamp  is 
regulated  by  a  screw;  the  friction  should  be  sufficient  to  hold  the 
cylinder  firmly,  but  not  to  prevent  its  rotation.  The  two  milled  discs 
(3  and  9)  prevent  any  slipping  in  the  axis  of  the  needle  which  passes 
through  the  stop  (97). 

The  projection  of  the  needle  is  measured  and  the  adjustable  indices 
set  by  the  stop  in  the  same  way  as  with  the  glass  needle  explained 
under  Plate  XIV,  and  a  mark  on  the  disc  (3)  shows  the  direction  in 
which  the  knife  is  projected ;  t.  e.,  it  corresponds  to  the  opening  in  the 
needle.  Before  the  needle  is  introduced,  the  knife  is  withdrawn  so 
that  its  extremity  is  flush  with  the  opening  in  the  needle  and  the 
scale  at  (4)  is  noted.  When  the  needle  has  reached  the  required  point 
in  the  brain  the  disc  (3)  is  rotated  till  the  mark  on  it  faces  the  direc- 
tion in  which  the  knife  should  be  projected;  then  the  disc  (3)  is 
steadied  with  a  finger  of  the  left  hand  and  the  disc  (6)  rotated  with 
a  finger  of  the  right,  causing  the  cylinder  (5)  to  travel  down  on  (4), 
the  scale  showing  the  excursion  of  the  cyhnder  (5)  and  the  distance 
the  knife  is  projected.  If  it  is  necessary  to  rotate  the  knife  and  needle, 
this  is  effected  by  rotating  the  disc  (3),  the  mark  on  which  shows  the 
amount  of  rotation,  usually  a  half  or  a  full  turn  being  required.  The 
operation  having  been  completed,  the  knife  is  retracted  by  repeating 
the  above  procedure  in  the  reverse  direction  and  the  needle  can  then 
be  racked  out  and  removed.    There  is  no  great  difficulty  about  this 
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procedure,  but  the  method  of  holding  one  disc  and  rotating  the  other, 
the  regulation  of  the  friction  of  the  cylinder  and  the  recognition  of 
the  position  of  the  knife  under  all  circumstances  are  points  which 
admit  of  improvement  and  in  these  respects  the  plan  adopted  in  the 
design  XVIA  is  more  convenient,  the  application  of  various  needles 
of  different  sizes  is  simplified,  the  movements  are  more  precise  and 
effected  more  easily  and  the  position  of  the  concealed  knife  can  always 
be  recognized  immediately. 

Plate  XVIA 

Design  for  Improved  Bed  for  Cutting  Needles. — It  consists  of  the 
brass  plate  (1)  fitting  the  inner  sheath  and  furnished  with  an  adjust- 
able index  (2)  and  scale  (3)  already  described  and  two  structures 
which  may  be  called  cradles,  inner  (6)  and  outer  (5) ;  they  are 
elongated  narrow  brass  plates  with  the  ends  turned  up  at  righi^angles 
to  form  three  sides,  the  bottom  and  two  ends,  of  a  narrow  oblong  box ; 
the  outer  (5),  considerably  larger,  is  fixed  to  the  bed  (1) ;  the  inner 
(6),  supported  by  pivots  (11,  29)  in  slots  (13,  31)  of  the  end  plates 
(7,  8)  of  the  outer  cradle  (5)  in  which  it  rotates.  The  lower  of  these 
pivots  is  formed  by  the  shaft  of  the  needle  (29),  held  in  the  slot  by 
a  notched  and  hinged  bar  (32) ;  the  upper  pivot  is  a  square  rod,  the 
central  rod  (11),  with  a  circular  groove  which  fits  the  edges  of  the 
slot  (13)  and  is  held  in  place  by  a  spring  bar  (14).  The  groove 
secures  even  rotation  of  the  central  rod  and  prevents  any  longitudinal 
displacement,  while  the  spring  bar,  owing  to  the  square  section  of  the 
rod,  without  preventing  rotation,  checks  each  quarter  turn,  the  recog- 
nition of  which  is  faciUtated  by  the  four  arms  of  the  cross-handle 
(12)  at  the  top  of  the  central  rod,  but  is  also  shown  unmistakably  by 
the  rotation  of  the  whole  inner  cradle. 

Precise  rotation  of  the  needle  is  thus  well  provided  for  and  the 
measured  projection  of  the  concealed  knife  is  eflFected  by  an  arrange- 
ment in  the  inner  cradle.  This  is  traversed  longitudinally  by  the 
central  rod  (11)  which  is  fixed  to  both  end  plates  (9,  10)  so  that 
they  move  together;  the  rod  carries  a  sliding  clamp  (18)  which 
resembles  the  screw  stopper  of  certain  bottles ;  its  lower  end  is  tapered, 
has  a  screw  thread  (22)  and  ring  (21).  The  tapered  end  has  a 
longitudinal  slot  (20)  in  front  and  by  screwing  the  ring  up  the  slot 
this  is  converted  into  a  vice  to  grip  the  proximal  end  of  the  wire  (19) 
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which  passes  down  the  needle  to  the  concealed  knife  (19).  Near  the 
upper  end  of  the  inner  cradle  the  central  rod  is  converted  into  a  screw 
(16)  for  a  few  millimeters  and  a  milled  disc  (17)  works  up  and 
down  it;  the  lower  surface  of  the  milled  disc  has  a  circular  rim  pro- 
jecting from  the  circumference  towards  the  center  and  fitting  a  cor- 
responding groove  in  the  upper  end  of  the  sliding  clamp  (18),  per- 
mitting free  rotation  between  the  disc  and  the  clamp.  Owing  to  the 
square  section  of  the  central  rod  the  clamp  cannot  rotate  upon  it, 
and  the  milled  disc,  when  it  is  rotated  and  travels  up  and  down  the 
screw  (16),  carries  the  sliding  clamp  and  therefore  the  wire  and 
knife  with  it.  The  excursion  is  measured  by  an  index  (23)  attached 
to  the  clamp  and  a  millimeter  scale  (24),  which  is  adjustable,  attached 
to  the  adjacent  edge  of  the  inner  cradle.  As  this  scale  is  not  visible 
when  the  cradle  is  rotated,  it  may  be  convenient  to  have  another 
engraved  on  the  adjoining  edges  of  the  disc  and  clamp,  between  (17) 
and  (18),  but  it  is  doubtful  whether  this  is  necessary.  In  practice, 
the  knife  must  be  retracted  till  the  end  is  flush  with  the  opening  in 
the  needle  at  (30),  and  in  this  position  the  wire  fixed  in  the  slot  (20) 
and  the  adjustable  scale  (24)  set  at  zero;  if  this  is  done  it  is  always 
easy  to  see  whether  the  concealed  knife  is  retracted  and,  if  not,  how 
far  it  projects. 

Various  needles  of  different  sizes  can  be  used  with  this  bed ;  tapered 
hollow  nozzles  (25)  of  different  sizes  screw  on  to  the  lower  face  of 
the  end  plate  (10)  of  the  inner  cradle,  to  engage  the  socket  (26)  of 
the  needle.  The  socket  has  a  slot  (28)  on  the  same  side  as  the  open- 
ing (30)  at  the  end  of  the  needle  from  which  the  concealed  knife  is 
projected  and  a  small  stud  (27)  on  the  nozzle  engages  this  slot;  it 
prevents  slipping  between  the  nozzle  and  the  needle  and  indicates  the 
direction  in  which  the  knife  is  projected. 

Plates  XVIII,  XIX,  XX,  and  XXI,  show  the  application  of  the 
stage  and  needle  in  various  positions  to  a  cafs  head  fixed  in  the 
head-vice  and  cage. 

Plate  XVIII.    Needle  in  first  position  above  head.    Vertical. 

Plate  XIX.  Needle  in  first  position  above  head.  Needle  inclined 
to  left 

Plate  XX.  Stage  and  needle  applied  to  left  of  cage,  sixth 
position,  needle  inclined. 

Plate  XXI.  Stage  and  needle  applied  to  rear  face  of  cage, 
seventh  position,  needle  horizontal. 
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CHAPTER  V 

IIXTTSTBATED  DESCBIPTIONS  OF  INSTBTTHENTS   (Continned) 

Scales  and  Ueasurement  of  Uovements  of  Needle,   Oauging  and 

Drilling,  Methods  and  Applications,  Charts  and 

Microscopic  Sections 

A  review  of  the  preceding  pages  suggests  that  certain  details,  such  as 
the  measurement  and  corrections  of  the  movements  of  the  needle,  which 
have  appeared  in  different  sections,  might  gain  something  in  clearness 
if  they  were  collected  into  a  single  description  where  they  can  be 
compared  and  studied  together.  This  involves  some  repetition,  but 
is  preferable  to  ambiguity  or  obscurity  in  what  purposes  to  be  a  labora- 
tory guide  rather  than  a  book  for  the  study.  A  student  intending  to 
use  these  instruments  for  experimental  work  needs  to  be  familiar 
with  all  their  details  and  on  that  ground  may  tolerate  repetition  which 
would  otherwise  be  tedious,  while,  on  the  other  hand,  those  who  have 
found  the  preceding  descriptions  sufficient  need  not  devote  more 
attention  to  what  follows  than  they  consider  desirable. 

The  scales  of  the  needle  appear  confusing  to  those  who  are  not 
familiar  with  them.  One  cause  of  this  is  that  as  the  cost  of  the  equa- 
torial and  indicator  at  present  makes  it  difficult  to  bring  the  complete 
intrument  within  the  reach  of  everyone,  it  is  necessary  to  consult  the 
convenience  of  those  who  purchase  the  cheaper  form  of  rectilinear 
instrument  to  begin  with  and  desire  to  procure  the  additional  parts 
subsequently.  For  them  it  is  a  consideration  that  the  same  needle- 
holder  should  be  available  for  both  instruments,  though  the  methods 
of  measurement  cannot  be  identical.  There  are  some  slight  alterations 
in  the  pattern  illustrated  here  which  will  be  adopted  in  future  and 
which  it  is  advisable  to  explain. 

Needle-Holder. — ^The  holder  now  in  use  has  been  described  (Chap- 
ter IV)  and  illustrated  (Pis.  XIV,  XVI).  Originally  designed  for 
the  rectilinear  machine,  it  was  subsequently  adapted  for  use  with  the 
indicator  and  has  been  lengthened  since  the  illustration  was  prepared. 
It  serves  its  purposes  satisfactorily,  but  may  be  further  simplified 
and  improved  by  some  trifling  alterations.    The  movements  and  the 

69 


Digitized  by 


Google 


70  R.  H.  Clarke 

methods  of  measuring  and  recording  them,  which  depend  upon  the 
mechanism  of  the  holder,  are  all  connected  with  the  projection  of 
the  needle.  The  other  movements  are  effected  by  the  equatorial 
(PI.  XXIX)  or  in  the  rectilinear  machine  by  the  two  movements  of 
the  traversing  stage  (PI.  XIII).  They  are  explained  in  the  descrip- 
tions of  the  instruments  referred  to,  but  the  essential  points  will  be 
recapitulated  here. 

Equatorial.— In  the  equatorial  (PI.  XXIX)  the  inner  sheath  (93) 
of  the  needle-holder  fits  and  slides  in  an  outer  sheatii  (72)  which  is 
pivoted  to  the  carrier  (44),  a  slide  block  which  travels  on  the  arch 
(40)  of  the  equatorial.  With  the  projection  of  the  needle  from  the 
holder,  to  be  more  fully  described  immediately,  the  arrangement  prac- 
tically affords  universal  movement.  All  movements  of  the  equatorial, 
including  projection  of  the  needle,  are  measured  by  millimeter  scales, 
the  corrections  required  for  variations  in  the  size  of  different  heads 
being  effected  by  the  indicator  (Chapter  VI)  and  explained  in  the 
description  of  it. 

Beotilinear  Uaohine. — In  the  rectilinear  machine  the  longitudinal 
(91)  and  transverse  {70a,  706)  guides  of  the  traversing  stage  (PI. 
XIII)  afford  two  rectilinear  movements  in  the  plane  of  the  stage 
perpendicular  to  the  needle,  the  projection  of  which  completes  the 
movement  in  three  dimensions.  The  outer  sheath  (72)  of  the  holder 
is  pivoted  to  the  carrier  (71)  which  travels  on  the  guides,  and  a 
quadrant  (77)  provides  for  an  inclination  of  the  needle  in  one  plane, 
the  movement  being  directed  and  measured  by  an  indicator.  With 
inclined  or  universal  movements  so  directed,  if  the  same  operating 
mechanism,  whether  it  is  the  equatorial  or  the  cage  and  stage,  is 
applied  first  to  the  indicator  and  then  to  the  head  in  the  head-vice,  no 
scales  except  those  which  measure  the  projection  of  the  needle  are 
required ;  for  in  the  first  of  the  positions,  if  the  needle  has  been  brought 
to  a  given  point  in  the  indicator,  when  it  is  transferred  to  the  head- 
vice,  it  must  reach  the  corresponding  point  in  relation  to  the  zero 
planes  in  the  head,  and  the  scales  for  projection  of  the  needle  are 
required  only  to  allow  of  the  retraction  of  the  needle  while  the  skull 
is  trephined  and  its  subsequent  projection  to  the  original  position. 
But  iif  duplicate  instruments  are  used,  one  applied  to  the  indicator 
and  the  other  to  the  head,  every  movement  performed  by  the  first 
instrument  must  be  precisely  copied  in  the  second  and  therefore  all 
movements  must  be  regulated  by  scales.    To  ensure  identical  move- 
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ments  in  duplicate  instruments^  millimeter  scales  are  sufficient.  No 
correction  for  size  is  required,  as  it  has  already  been  effected  in  the 
indicator ;  therefore,  for  such  movements  proportional  scales  are  never 
used. 

Traversing  Sti^. — ^The  measurement  of  the  rectilinear  movements 
of  the  traversing  stage  is  simple.  The  millimeter  scales  engraved  on 
the  longitudinal  and  transverse  guides  have  a  zero  near  their  middle 
and  the  scales  are  graduated  on  both  sides  of  this  point.  Two  lines 
drawn  through  these  zero  points  parallel  to  the  sides  of  the  stage 
form  a  cross  and  when  the  stage  is  applied  in  any  position  above  the 
cage  (PI.  X),  or  behind  it  (PI.  XII),  these  crossed  lines  coincide  with 
the  crossed  zero  lines  of  a  parallel  lamella;  i.  e.,  a  horizontal  lamella 
in  the  first  case  and  a  frontal  lamella  in  the  second.  If  the  head  in 
the  machine  were  of  standard  size  in  both  dimensions,  it  would  obvi- 
ously be  easy  to  rack  the  needle  the  same  number  of  millimeters  from 
the  crossed  lines  or  zero  points  of  the  stage,  as  the  objective  is  reckoned 
from  the  zero  lines  in  the  chart  and  in  the  assumed  lamella  of  the 
head  in  the  machine,  and  then  project  the  needle  till  it  reached  the 
objective.  But  if  the  dimensions  of  the  head  in  the  machine  are  not 
of  standard  size  the  millimeter  scales  must  be  corrected  to  correspond 
with  any  variation,  or  proportional  scales  which  have  been  set  in 
accordance  with  previous  measurement  of  the  head  must  be  employed. 

Two  Transverse  Quides  Differently  Oradnated. — If  Plates  XI  and 
XII  are  compared  it  will  be  seen  that  in  Plate  XII  the  stage  is  applied 
to  the  rear  face  of  the  cage  (position  7)  in  such  a  way  that  the  zero 
in  the  middle  of  the  transverse  guide  (706)  coincides  with  the  upper 
surface  of  the  horizontal  frame  or  head-vice  which  is  the  level  of  the 
basal  horizontal  zero  plane,  but  when  the  stage  is  applied  to  either 
side  of  the  cage  positions  (5  or  6),  as  shown  in  Plate  XI,  owing  to  the 
position  of  the  screw  clamps  and  ear  pivots  attached  to  the  lateral  bars 
of  the  head-vice,  the  stage  must  be  applied  with  its  side  resting  on 
the  horizontal  frame  and  the  zero  in  the  middle  of  the  transverse 
guide  (706)  cannot  be  made  level  with  the  upper  surface  of  the  head- 
vice  or  the  basal  zero  plane  and  therefore  does  not  correspond  with 
the  basal  zero  plane  in  the  chart  or  the  head.  For  positions  5  and  6 
another  millimeter  scale  is  engraved  on  the  transverse  guide  (70a), 
graduated  in  millimeters  from  a  zero  level  with  the  upper  surface  of 
the  frame  when  the  stage  is  applied  as  seen  in  Plate  XI  (position  5 
or  6).     This  guide  (70a)   is  marked  Trans.,  indicating  that  this 
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scale  is  used  for  vertical  measurement  when  the  needle  is  directed 
transversely,  as  it  must  be  when  applied  to  either  side.  The  same 
extensible  scale  is  used  for  both  guides  (70a  or  706),  but  a  spiral  is 
selected  for  zero  which  corresponds  with  the  zero  engraved  on  the 
scale  which  is  used.  The  same  index  reads  both  the  engraved  and 
extensible  scales  and,  if  desired,  an  ivory  millimeter  scale  can  be 
attached  which  can  be  read  more  easily  than  an  engraved  scale,  but 
is  not  indispensable.  The  same  index  reads  all  three  scales  (see  Plate 
XIII  (81)). 

Direction  of  Heedle  to  ObjectiTe. — ^Any  objective  point  must  lie 
in  one  lamella  at  least  in  all  three  planes  and  can  therefore  be  located 
in  a  chart  in  any  of  them.  One  of  these  planes  is  perpendicular  to 
the  needle,  the  other  two  parallel  to  it.  If  the  objective  is  located  in 
the  first  (perpendicular)  lamella,  the  two  movements  of  the  stage 
bring  the  needle  opposite  the  objective,  and  the  third  movement,  the 
projection  of  the  needle,  directs  it  to  the  required  point.  If  the  objec- 
tive is  defined  in  a  lamella  parallel  to  the  needle  (and  with  the  inclined 
needle  this  is  necessary),  one  movement  of  the  stage  carries  the  needle 
to  the  edge  of  the  lamella,  as  if  it  were  the  page  of  a  book ;  the  other 
movement  of  the  stage  and  the  projection  of  the  needle  bring  it  to 
the  objective  pointy  as  if  this  were  a  given  letter  in  a  given  line  of 
that  page. 

Beotilinear  Kaohine.  Inclined  UoYement. — ^The  quadrant  attached 
to  the  stage  provides  for  an  inclination  of  the  needle  in  one  direction 
and  one  plane.  If  it  is  desired  to  introduce  the  needle  obliquely  it 
must  be  directed  by  an  indicator,  as  described  in  Chapter  VI.  If  a 
single  operating  mechanism  is  employed,  the  cage  and  stage  with 
the  needle  must  first  be  applied  to  the  indicator,  the  needle  set  at  any 
required  angle  and  then  directed  by  sight  to  the  index  point  and  all 
movable  parts  fixed.  The  point  to  which  the  needle  is  projected  is 
noted  on  its  scale;  the  needle  is  then  retracted  sufficiently  to  be  out 
of  the  way  and  the  cage  and  stage  are  applied  to  the  head-vice  which 
contains  the  head,  the  needle  projected  till  it  touches  the  surface  of 
the  skull,  the  point  marked  and  the  cage  removed  while  the  skull  is 
trephined.  The  cage  is  then  replaced  and  the  needle  racked  through 
the  brain  till  the  index  reaches  the  point  noted  on  the  scale  when  the 
needle  arrives  at  the  objective  point  in  the  brain.  Or,  duplicate  oper- 
ating instruments  may  be  employed.  An  indicator,  in  which  the  essen- 
tial parts  of  the  operating  mechanism  are  reproduced^  is  required; 
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a  finder  needle,  representing  the  operating  needle,  is  set  at  a  given 
angle  and  directed  by  sight  with  two  movements  to  the  index  point 
corresponding  to  the  objective.  By  similar  scales  the  movements  of 
the  indicator  are  copied  in  the  operating  machine  and  the  needle 
brought  to  the  objective  in  the  brain.  As  the  Inclination  of  the  needle 
and  the  objective  are  in  the  same  plane,  besides  the  inclination  of 
the  needle,  two  movements  and  a  two-dimensioned  indicator  are  suf- 
ficient One  movement  of  the  stage  brings  the  needle  to  the  edge  of  a 
lamella  in  the  same  plane  as  its  own  inclination,  the  second  move- 
ment of  the  stage  and  the  projection  of  the  needle  are  suflBcient  to 
direct  it  to  the  objective. 

Proportional  Scales. — It  is  important  to  note  that  in  this  proceed- 
ding  a  proportional  scale  or  correction  for  variation  in  the  size  of 
the  selected  head  is  required  for  the  first  movement  of  the  stage  which 
brings  the  needle  to  the  edge  of  the  lamella,  but  for  the  two  remaining 
movements,  viz.,  the  second  movement  of  the  stage  and  the  projection 
of  the  needle  which  are  directed  by  the  indicator,  a  proportional  scale 
is  not  employed,  as  any  correction  required  must  be  made  in  the 
indicator. 

When  the  indicator  is  employed  with  duplicate  instruments,  move- 
ments are  directed  by  sight  in  one  and  merely  copied  in  the  other; 
or,  if  the  operating  instrument  is  first  applied  to  the  indicator  and 
then  to  the  head,  the  only  scale  required  is  that  which  shows  the 
projection  of  the  needle,  and  for  this,  one  mark  would  suffice  to  indicate 
the  point  reached  in  the  indicator,  so  that  the  original  position  could 
be  regained  after  the  needle  had  been  retracted  for  trephining  the 
skull.  In  rectilinear  movements,  and  in  these  only,  the  position  of 
any  point  in  the  brain  in  relation  to  the  zero  planes  is  ascertained  in 
the  chart  and  directly  measured  in  the  brain  by  the  scales  of  the  instru- 
ment. The  distance  of  an  anatomically  identical  point  from  a  zero 
plane  in  two  heads  of  the  same  species  of  animal  is  not  necessarily  the 
same,  but  roughly  proportional  to  the  size  of  the  given  dimension  of 
the  heads ;  therefore,  whenever  the  scales  of  the  instrument  are  used  to 
measure  a  point  in  the  brain  from  a  zero  plane  in  accordance  with 
a  chart,  proportional  scales  or  correction  are  necessary,  but  measure- 
ments of  movements  of  the  instrument  for  comparison ;  or  of  the  length 
of  the  needle,  are  not  affected  by  the  size  of  the  head  and  are  always 
recorded  in  millimeters. 
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In  the  instance  just  explained  in  which  an  inclined  needle  is  directed 
to  an  objective  point  in  the  brain,  the  distance  of  the  required  lamella 
from  the  parallel  zero  plane,  which  is  measured  by  the  scale  for  the 
first  movement  of  the  stage,  depends  upon  the  size  of  the  selected 
head,  hence  a  proportional  scale  or  correction  is  required;  but  with 
the  other  two  movements,  to  copy  a  duplicate  instrum^it  or  project 
a  needle  a  given  distance,  a  millimeter  scale  is  sufficient.  Obviously, 
if  the  inclination  of  the  needle  is  not  required,  it  can  be  directed  to  the 
objective  by  three  rectilinear  movements,  two  of  the  stage  and  its 
own  projection.  Each  of  these  movements  depends  on  the  distance 
of  a  given  point  in  the  cranium  from  one  of  the  zero  planes;  ascer- 
tained in  the  chart  and  measured  by  the  scales  of  the  machine  in  the 
selected  head,  in  each  case  the  distance  depends  upon  the  size  of  the 
re^>ective  dimensions  of  the  head,  and  proportional  scales  or  correc- 
tions are  necessary  in  all  of  them.  The  cage  and  stage  together  are 
the  counterpart  of  the  equatorial,  with  a  more  limited  range  restricted 
to  rectilinear  movement  in  three  planes  and  one  inclined  in  one  direc- 
tion and  in  one  plane,  while  in  the  equatorial  the  movements  are  uni- 
versaL  On  the  other  hand,  the  former  can  be  directed  and  measured 
by  the  scales  of  the  instrument  or  by  an  indicator,  while  with  the  latter 
an  indicator  is  indispensable.  In  either  case,  when  the  indicator  is 
employed,  the  same  mechanism  can  be  applied  first  to  the  indicator 
and  then  to  the  head,  in  which  case  no  scales  but  that  for  the  projection 
of  the  needle  are  required.  Or,  duplicate  instruments  can  be  applied 
to  the  indicator  and  the  head,  all  movements  in  the  first  being  copied 
by  corresponding  scales  in  the  second.  Two  of  the  three  dimensional 
movements  provided  for  the  needle  in  the  rectilinear  instrumait, 
effected  by  racking  the  carrier  (PL  XIII,  71)  on  the  longitudinal 
and  transverse  guides  (70,  91)  of  the  stage,  having  been  explained, 
the  third,  the  projection  of  the  needle  perpendicular  to  the  stage, 
now  requires  consideration.  It  is  necessary,  for  reasons  which  have 
been  stated,  that  the  same  needle-holder  should  be  available  for  use 
with  both  the  rectilinear  machine  and  the  equatorial,  and  as  it  is  not 
practicable  to  adopt  the  same  method  of  measuring  the  excursion  of 
the  needle  in  these  instruments,  two  sets  of  scales  on  the  same  holder 
are  required  which  appear  confusing  nntil  they  are  imderstood. 

Measurement  of  Projection  of  Needle. — ^In  the  rectilinear  machine 
measurements  are  made  directly  from  the  central  zero  planes  of  the 
cranium  which  coincide  with  the  zero  points  of  the  instrument;  all 
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scales  are  graduated  from  these  points  to  show  the  distance  of  the 
needle  from  them.  Scales  for  rectilinear  projection  register  the  dis- 
tance of  the  point  of  the  needle  from  the  zero  plane  to  which  it  is 
perpendicular,  and  when  the  index  reaches  zero  on  the  scale,  the  point 
of  the  needle  is  at  that  zero  plane.  With  the  equatorial,  or  any  needle 
inclined  at  various  angles,  it  is  not  practicable  to  indicate  the  distance 
of  the  point  from  central  zero  planes  in  this  way.  Another  instrument, 
the  indicator,  is  employed,  in  which  the  needle  is  directed  by  sight 
to  a  point  representing  the  objective,  and  the  movements  are  identical 
with  those  in  the  operating  instrument  in  which  they  are  repeated  by 
corresponding  scales.  Here  the  scales  for  the  projection  of  the  needle 
are  required  only  to  ensure  correspondence  of  the  duplicate  instruments 
and  that  the  needle  is  projected  the  same  distance  in  both,  its  length 
being  measured  in  millimeters  from  the  point  to  the  pivot  on  which 
it  is  inclined.  Thus  we  have  a  scale  for  rectilinear  movements,  on 
the  right,  which  records  the  distance  of  the  point  of  the  needle  from 
the  zero  plane  to  which  it  is  perpendicular,  and  the  indicator  scales 
for  inclined  movements,  on  the  left,  showing  the  length  of  needle  pro- 
jected from  point  to  pivot. 

Single  and  Separate  Scales. — ^Whether  they  are  rectilinear  or 
inclined,  two  projection  movements  are  provided:  one,  a  coarse  adjust- 
ment, by  sliding  between  the  sheaths;  the  other,  or  fine  adjustment, 
by  racking  the  bed  with  the  needle  in  the  inner  sheath ;  and  they  can 
both  be  recorded  on  the  same,  or  on  separate  scales.  Each  method 
has  certain  advantages.  A  single  scale  is  more  simple,  and  as  different 
scales  are  required,  in  any  case,  for  rectilinear  and  inclined  movements 
and  it  is  not  desirable  to  increase  their  number,  for  an  instrument  of 
the  present  size,  large  enough  for  a  full-sized  rhesus  monkey,  the  single 
scale  is  preferable.  To  meet  every  possible  inclined  position,  however, 
the  scale  should  be  about  9  cm.  long  for  the  rhesus  or  a  good  deal  more 
for  larger  heads,  and  this  might  be  inconvenient;  hence,  the  details 
of  both  methods  should  be  considered.  In  the  needle-holder  shown 
in  Plate  XIV  which  was  gradually  evolved  with  the  instrument,  both 
methods  are  illustrated,  separate  scales  being  employed  for  rectilinear 
movements,  on  the  right,  and  a  single  one,  for  the  inclined  needle,  on 
the  left.  For  descriptive  purposes  it  is  convenient  that  both  methods 
should  be  illustrated,  but  for  the  future,  whichever  is  selected,  it  will 
be  better  to  adopt  the  same  on  both  sides. 
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A  distinction  to  be  specially  remembered  between  the  rectilinear 
and  inclined  scales  is  that,  with  the  fonner,  the  distance  of  the  objec- 
tive, or  any  point  in  the  cranium,  from  the  zero  planes  is  directiy 
measured  by  the  scales  and,  therefore,  as  heads  vary  in  size,  the  mea- 
surements must  be  proportional,  if  they  are  to  correspond  with  the 
charts.  The  engraved  scales  of  the  instrument  are  in  millimeters, 
which  are  only  applicable  to  heads  of  standard  size;  for  others,  cor- 
rections must  be  made  or  proportional  scales  introduced;  the  latter 
method  is  more  convenient  and  one  of  the  extensible  scales  described 
(PL  IX,  Chapter  IV)  is  attached  to  tiie  millimeter  scale  (PI.  XIV, 
112)  and  both  are  read  by  the  same  index,  which  thus  records  the 
distance  of  the  needle  from  the  zero  plane  in  millimeters  and  coordi- 
nates proportional  to  the  size  of  the  head.  The  scale  of  the  inclined 
needle  (110),  on  the  left,  is  not  employed  for  direct  measuremaits  of 
the  cranium;  these  have  been  made  and  corrected  in  the  indicator,  the 
movements  of  which  are  exactiy  repeated  in  the  operating  instrument, 
for  which  purpose  it  is  sufficient  to  know  the  length  of  needle  projected, 
from  point  to  pivot,  in  millimeters  and  be  sure  that  it  is  the  same  in 
both  instruments. 

Adjustable  Index. — Another  detail  is  the  adjustable  index  which  is 
required  with  both  scales  if  glass  needles  are  used.  As  the  point  of 
the  needle  is  a  base  of  measurement  in  both  methods,  its  position  in 
precisely  defined  relation  to  the  index  is  important  and  the  needle 
must  be  exactly  the  right  length  or  its  index  adjustable.  If  a  glass 
needle  happens  to  break  in  the  course  of  an  operation  and  a  new  one 
is  substituted  quickly,  it  is  difficult  to  secure  absolute  accuracy  and 
much  more  convenient  to  use  an  adjustable  index  which  within  certain 
limits  can  be  adapted  to  a  needle  of  any  length.  Such  an  index  is, 
therefore,  provided  on  both  sides. 

The  details  of  the  various  scales  for  directing  and  measuring  the 
projection  of  the  needle  which  have  been  referred  to  will  be  considered 
under  the  following  heads : 

1.  To  begin  with,  a  summary  of  the  requirements  which  are  essen- 
tial in  a  needle-holder  intended  to  direct  and  measure  the  projection 
of  the  needle  with  the  rectilinear  instrument  or  the  equatorial. 

2.  An  explanation  of  the  way  these  requirements  are  provided  for 
in  the  present  holder  (PL  XIV). 
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3.  A  short  description  of  alternative  methods  of  registering  rec- 
tilinear or  inclined  movements  with  coarse  and  fine  projection  which 
are  recorded  on  a  single  or  on  separate  scales. 

4.  The  pattern  recommended  for  the  future. 

1,  a.  The  first  requirement  is  an  arrangement  of  scales,  by  which  the 
same  needle-holder  will  serve  for  the  two  methods  of  measurements 
employed  with  the  rectilinear  instrument  and  the  indicator. 

1,  b.  Secondly,  each  scale  must  be  provided  with  an  adjustable 
index  to  correct  differences  in  the  length  of  needles,  especially  of 
glass  ones. 

1,  c.  Thirdly,  in  each  case,  two  extension  movements  of  the  needle 
are  required:  (1)  A  coarse  adjustment,  efifected  by  sliding  the  inner 
in  the  outer  sheath,  to  bring  the  stop  up  to  the  skull;  and  (2)  a  rack 
and  pinion  extension  for  projecting  the  needle  into  the  brain.  These 
two  movements  can  be  registered  by  a  single  scale  and  index,  or  two ; 
the  former  has  the  advantage  of  simplicity,  but  the  mechanism  for 
the  latter  is  more  compact. 

1,  d.  Lastly,  if  extensible  scales  are  used  for  making  corrections 
for  size,  they  are  required  only  for  rectilinear  measurements  of  the 
cranium  and  must  be  attached  to  the  scale  which  records  them. 

Next,  to  explain  how  these  requirement  are  provided  for  in  the  holder 
which  is  shown  in  the  illustration. 

Needle-Holder. — In  the  needle  now  used  and  shown  in  Plate  XIV 
the  scales  for  the  rectilinear  instrument  are  on  the  right;  the  coarse 
and  the  fine  rectilinear  projection  are  directed  and  measured  by  two 
scales:  (1)  The  scale  of  the  stop  and  (2)  the  scale  of  the  needle. 
The  former  registers  the  sliding  movement  between  the  sheaths  by  a 
scale  and  arrow  on  the  adjoining  borders  of  the  inner  and  outer  sheaths 
on  the  right  of  the  holder  (See  PL  XXIX,  72,  93).  The  latter,  the 
excursion  of  the  needle  through  the  stop  effected  by  racking  the  bed  in 
the  inner  sheath.  This  movement  is  recorded  by  an  adjustable  index 
(113)  attached  to  the  right  edge  of  the  bed  and  a  millimeter  (112) 
and  extensible  (111)  scale  fixed  to  the  inner  sheath.  With  rec- 
tilinear projection  the  scales  record  the  distance  of  the  stop  or  the 
point  of  the  needle  from  the  zero  plane  to  which  the  needle  is  per- 
pendicular. The  stop  being  the  termination  of  the  inner  sheath,  slid- 
ing between  the  sheaths,  carries  the  stop  and  needle  to  and  from  the 
zero  plane;  the  stop  and  the  zero  points  which  define  the  zero  planes 
are  parts  of  the  instruments  and  therefore  constants,  for  the  measure- 
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meut  of  which  no  proportional  scale  is  required.  An  arrow  on  the 
side  of  the  inner  (93)  and  a  millimeter  scale  on  the  adjoining  border 
of  the  outer  sheath  (PI.  XXIX,  72)  show  the  distance  of  the  point 
of  the  stop  from  the  zero  plane,  and  when  the  arrow  reaches  zero  on  the 
scale,  the  stop  is  at  the  zero  plane.  In  practice,  however,  tiie  stop 
cannot  go  beyond  the  surface  of  the  brain ;  hence,  the  scale  need  not 
be  graduated  to  zero,  but  not  more  than  10  millimeters  can  be  dis- 
pensed with  in  case  it  might  be  required  to  reach  the  surface  of  the 
cerebellum  in  small  animals.  To  give  the  needle  as  much  support 
as  possible,  the  stop  is  pushed  into  contact  with  the  surface  of  the 
brain  by  its  sliding  movement  and  fixed  with  the  screw  (96).  The 
scale  of  the  stop  on  the  outer  sheath  is  then  read  by  the  arrow  showing 
the  number  of  millimeters  from  the  stop  to  the  zero  plane.  The 
objective  is  reached  by  racking  the  needle  through  the  brain  and  the 
excursion  recorded  by  the  adjustable  index  on  the  bed  and  the  scales 
on  the  inner  sheath.  The  stop  having  reached  the  surface  of  the  brain, 
its  share  of  the  movement  is  over,  the  rest  is  effected  by  the  needle, 
the  scale  of  which  must  be  set  to  correspond  with  that  of  the  stop. 
The  first  step  is  to  make  the  point  of  the  needle  level  with  that  of 
the  stop,  a  position  easily  recognized  by  sight  or  touch;  the  distance 
from  the  stop  to  the  zero  plane  in  millimeters  is  known  and  the  adjus- 
table index  is  set  at  the  same  figure  on  the  millimeter  scale  of  the 
needle.  An  extensible  scale,  (111)  previously  set  in  accordance  with 
the  measurement  of  the  head,  is  fixed  in  clamps  besides  the  millimeter 
scale  so  that  their  zero  points  coincide,  the  index  reads  them  simul- 
taneously and  as  it  is  racked  in,  continues  to  indicate  the  number  of 
millimeters  and  coordinates  between  the  point  of  the  needle  and  the 
zero  plane;  and  when  this  is  reached,  the  index  is  at  zero  on  both 
scales.  As  it  may  sometimes  be  necessary  to  project  the  needle  beyond 
the  zero  plane,  the  scale  of  the  needle  is  graduated  for  10  mm.  below 
zero. 

Extensible  Scales. — It  will  be  noted  in  this  description  that  an 
extensible  scale  is  employed  with  the  scale  of  the  needle,  but  not  with 
that  of  the  stop;  the  selection  of  these  scales  presents  some  difficulty 
to  the  beginner  and  must  be  made  as  clear  as  possible.  An  extensible 
scale  is  not  required  with  the  scale  of  the  stop  because  the  stop  and 
the  zero  points  are  constants  of  the  instrument,  unaffected  by  varia- 
tions in  the  size  of  the  head ;  the  scale  is  required  to  show  the  distance 
from  the  stop  to  the  zero  plane  of  the  head,  but  as  this  coincides  with 
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the  zero  plane  of  the  instniment,  it  is  a  constant  also;  there  is  no 
question  of  proportional  variation ;  it  is  a  direct  measurement  of  the 
instrument  expressed  in  millimeters  and  recorded  by  permanent  scales. 

When  the  stop  has  reached  the  surface  of  the  brain  and  its  excursion 
is  ended,  by  setting  the  adjustable  index  on  the  scale  of  the  needle, 
the  latter  is  made  identical  with  the  stop  and  the  scales  continuous, 
so  that  the  separate  scales  are  united  to  form  a  single  one  which  regis- 
ters the  whole  excursion  of  the  stop  and  needle  without  a  break.  It 
indicates  the  distance  of  the  needle  substituted  for  the  stop  from  the 
same  zero  plane ;  these  points  are  still  constants  and  so  far  there  is  no 
question  of  proportional  measurement.  But  now  a  new  factor  is  intro- 
duced; the  needle  must  be  directed  to  an  objective  in  the  brain,  the 
distance  of  which  from  the  zero  plane  has  been  ascertained  in  divisions 
of  the  scale  of  the  chart  and  these  are  coordinates  proportional  to  the 
size  of  the  head  represented.  Since  the  size  of  the  head  in  the  machine 
is  also  variable  and  the  corresponding  point  cannot  be  found  by  measur- 
ing an  equal  number  of  millimeters,  it  is  necessary  to  use  a  scale,  the 
divisions  of  which  have  been  corrected  for  size  like  those  of  the  chart, 
or  a  millimeter  scale  corrected  by  calculation.  The  proportional  scale 
is  most  convenient;  the  needle  can  be  racked  till  its  index  records  the 
same  number  of  divisions  of  that  scale  from  zero  as  have  been  counted 
from  the  zero  plane  on  the  scale  of  the  chart.  Here  the  distance  of 
the  objective  point  in  the  brain  from  the  zero  plane,  which  varies 
with  the  size  of  the  head,  is  directly  measured  by  the  needle  and  a 
proportional  scale  is  required.  It  is  only  with  the  rectilinear  scale 
that  the  distance  of  a  point  in  the  brain  from  the  zero  plane,  which 
varies  with  the  size  of  the  head,  is  directly  measured  by  the  needle  in 
this  way,  and  therefore  it  is  only  with  the  rectilinear  scale  of  the 
needle  that  a  proportional  scale  is  required ;  with  all  others  the  mea- 
surements are  in  millimeters.  This  has  been  explained  in  the  case 
of  the  rectilinear  scale  of  the  stop,  and  the  indicator  scales  on  the 
left  record  only  the  length  of  the  stop  or  needle  projected  from  the 
pivot.  These  are  parts  of  the  instrument;  they  are  not  required  to 
measure  a  variable  point  dependent  on  the  size  of  the  head  and  they 
are  always  measured  by  millimeter  scales. 

Indicator  Scale. — In  the  illustration  (PI.  XIV)  it  will  be  seen 
that  with  inclined  movements  both  coarse  and  fine  projection  of  the 
needle  are  recorded  on  a  single  scale,  which  is  engraved  on  the  left 
side  of  the  bed  (110)  and  read  by  an  adjustable  index  (PI.  XIII,  79) 
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attached  to  the  outer  sheath.  To  proTide  for  all  oblique  moTements 
of  the  needle  in  the  head  of  a  large  rhesus  the  scale  should  be  9  cm. 
loDg  (it  has  been  loigthened  in  the  holder  represented,  since  the  plate 
was  prepared).  The  scale  of  the  stop  is  abolished,  both  the  sliding 
movement  between  the  sheaths  and  the  racked  projection  <^  the  needle 
being  recorded  on  the  millimeter  scale  (110)  which  shows  the  length 
of  both  stop  and  needle  projected  from  the  coiter  of  the  pivot  in 
millimeters. 

The  essential  difference  between  the  rectilinear  and  indicator  scales 
is  that  the  former  are  required  to  show  ihe  distance  of  the  point 
of  the  needle  or  stop  in  any  position  from  the  zero  plane  to  which 
they  are  perpendicular,  wiiile  the  latter  record  the  length  of  needle 
or  stop  projected  from  the  pivot;  consequently,  with  rectilinear  scales 
the  projection  is  towards  zero  and  the  index  travels  down  a  descend- 
ing scale,  whereas  with  the  indicator  scales  the  movement  begins  at 
zero  when  the  needle  and  stop  are  level  with  the  center  of  the  pivot, 
and  the  projection  of  either  stop  or  needle  carries  the  index  up  an 
ascending  scale  of  figures.  All  inclined  movements  are  recorded  in 
millimeters  and  an  extensible  scale  is  not  required. 

Adjustable  Index. — ^An  adjustable  index  is  required  for  needles  of 
variable  length  and  must  be  set  at  the  outset  as  f oUows :  The  needle 
is  racked  down  till  its  point  is  level  with  that  of  the  stop,  which  is 
then  brought  opposite  the  center  of  the  pivot  by  sliding  the  inner 
sheath  till  the  F.  S.  line  on  the  back  of  it  is  level  with  the  top  of  the 
outer  sheath  and  the  index  is  set  at  zero  on  the  scale.  In  practice, 
the  stop  is  then  moved  into  contact  with  the  surface  of  the  brain  by 
sliding  the  inner  in  the  outer  sheath ;  here  it  is  fixed  and  the  needle 
racked  through  the  stop  and  brain  till  it  reaches  the  objective.  Both 
movements  are  recorded  on  ihe  same  scale,  the  index  showing  the  total 
length  of  needle  projected — differing  from  the  rectilinear  scales  where 
the  index  starts  at  the  maximum  figure,  which  is  reduced  by  the  excur- 
sion of  the  stop,  leaving  the  remainder  to  be  effected  by  the  racked 
movement  of  the  needle.  It  appears  ratlier  an  arbitrary  arrangement 
that  with  the  rectilinear  scale  of  the  needle  on  the  right  the  scale  should 
be  attached  to  the  inner  sheath  and  the  adjustable  index  to  the  bed, 
while  on  the  left  the  scale  is  on  the  bed  and  the  index  attached  to  the 
outer  sheath.  This  is  merely  a  matter  of  mechanical  convenience; 
the  milled  head  which  racks  the  bed  in  the  inner  sheath  must  be  on 
one  side  or  the  other.    Here  it  is  on  the  rights  it  occupies  some  space. 
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and  on  that  side  it  is  more  convenient  to  attach  the  adjustable  index 
to  the  bed;  on  the  other  side,  where  the  whole  length  of  the  bed  is 
free,  it  is  preferable  to  have  the  scale  engraved  on  it. 

Single  and  Separate  Scales. — It  will  be  desirable  in  future,  whether 
coarse  and  fine  projection  are  recorded  on  a  single  or  separate  scales, 
to  adopt  the  same  method  on  both  sides — the  single  scale  is  preferable 
with  small  heads  not  larger  than  that  of  a  rhesus.  For  larger  ones, 
it  will  probably  be  more  convenient  to  use  separate  scales.  There 
are  four  methods  of  recording  rectilinear  and  inclined  movements  with 
single  or  separate  scales: 


Rectilinear  Movements. 
Right  Side. 

Inclined   Movements. 
Indicator  Scales. 
Left  Side. 


1.  Coarse  and   fine  projection   re- 

corded on  a  single  scale. 

2.  Coarse   and    fine   projection    re- 

corded on  separate  scales. 

3.  Coarse  and   fine   projection   re- 

corded on  a  single  scale. 

4.  Coarse   and   fine  projecticm   re- 

corded on  separate  scales. 


2  and  3  have  been  described;  the  arrangements  for  1  and  4  are  as 
follows : 

1.  Rectilinear  Movements. — Coarse  and  fine  projection  recorded  on 
a  single  scale.    Right  Side.    Not  shown  in  the  illustration : 

An  adjustable  index  is  attached  to  the  right  side  of  the  bed.  A 
millimeter  scale,  9  cm.  long  with  an  extensible  scale  beside  it,  is  fixed 
to  the  outer  sheath,  so  that  their  zero  points  coincide.  Both  scales 
are  read  by  the  same  index.  The  zero  is  central,  t.  e.,  towards  the 
point  of  the  needle,  so  that,  as  this  is  projected,  the  index  travels  down 
a  descending  scale  and  is  at  zero  on  both  scales  when  the  needle 
reaches  the  zero  plane  to  which  it  is  perpendicular.  The  adjustable 
index  is  set  at  the  outset  as  follows:  The  distance  from  all  surfaces 
of  the  cage  to  the  parallel  zero  plane  is  the  same,  so  that  in  any  posi- 
tion of  the  stage  the  distance  of  a  fixed  point,  such  as  the  center  of 
the  pivot  of  the  outer  sheath  from  the  zero  plane  which  is  per- 
pendicular to  the  needle,  is  a  constant,  viz.,  70  nmi.  We  therefore 
make  the  point  of  the  needle  coincide  with  that  of  the  stop  and  the 
latter  level  with  the  center  of  the  pivot  by  bringing  the  top  of  the  outer 
sheath  to  the  P.  8.  line  of  the  inner  sheath  and  set  the  adjustable 
index  at  70  on  the  millimeter  scale.  The  point  of  the  needle  is  there- 
fore 70  mm.  from  the  zero  plane  and,  as  either  stop  or  needle  is  pro- 
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jected,  the  index  shows  the  number  of  niillimeters  between  the  point 
of  the  needle  and  the  zero  plane^  and  at  the  same  time  the  equivalent 
number  of  coordinates  on  the  extensible  scale  which  is  set  in  accordance 
with  the  measurement  of  the  selected  dimension  of  the  head  in  the 
machine.  The  stop  is  pushed  into  contact  with  the  surface  of  the 
brain,  the  number  of  divisions  between  the  objective  and  the  zero 
plane  are  noted  in  the  chart,  and  the  needle  is  racked  to  the  same  num- 
ber of  divisions  of  the  extensible  scale  from  zero,  when  the  point  of 
the  needle  will  reach  the  objective.  If  an  extensible  scale  is  not 
available  a  millimeter  scale  can  be  used,  but  the  number  of  millimeters 
from  the  zero  plane  to  the  objective  must  be  corrected  in  proportion 
to  any  variation  in  the  size  of  the  dimension  of  the  selected  head  from 
the  standard. 

4.  Indicator  Scale.  Left  Side.  Separate  Scales  (not  shown  in 
the  illustration).  Here  the  sliding  movement  between  the  sheaths, 
coarse  projection,  is  registered  by  the  scale  of  the  stop,  a  millimeter 
scale  engraved  on  the  left  side  of  the  outer  sheath  read  by  an 
arrow  on  the  adjoining  border  of  the  inner  sheath.  While  the  racked 
projection  of  the  needle  through  the  stop  is  recorded  by  the  scale  of 
the  needle,  which  is  also  a  millimeter  scale  engraved  on  the  left  of  the 
bed,  it  is  read  by  an  adjustable  index  attached  to  the  inner  sheath. 
The  first  of  these  scales  indicates  the  distance  of  the  point  of  the 
stop,  and  the  second  the  point  of  the  needle,  from  the  center  of  the 
pivot.  The  two  scales  are  coordinated  and  the  adjustable  index  set 
in  the  same  way  as  the  separate  rectilinear  scales.  The  points  of 
the  stop  and  needle  are  made  to  coincide;  the  inner  sheath  is  pushed 
in  until  the  stop  is  in  contact  with  the  surface  of  the  brain,  and  fixed, 
the  number  of  millimeters  it  is  projected  from  the  pivot  is  read  on  the 
scale  of  the  stop  and  the  adjustable  index  set  at  the  same  figure  on 
the  scale  of  the  needle.  In  both  scales  the  index  traverses  an  ascend- 
ing scale  of  figures  beginning  with  zero,  and  as  the  needle  is  racked 
through  the  brain,  it  continues  the  scale  from  the  point  where  the 
scale  of  the  stop  terminated  and  so  registers  the  total  projection  of 
the  stop  and  needle  from  the  pivot.  It  is  not  necessary  that  the 
scale  of  the  needle  should  be  graduated  below  20,  as  the  stop  must 
always  travel  that  distance  from  the  pivot  to  reach  the  skull ;  the  length 
of  the  scale  of  the  needle  is  therefore  diminished  to  that  extent.  As 
both  scales  are  required  to  show  the  length  of  needle  and  stop  pro- 
jected from  the  pivot,  and  as  this  is  an  intrinsic  measurement  of  the 
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instrument,  all  records  are  in  millimeters  and  no  proportional  scale 
is  required. 

Summary. — In  the  preceding  description  the  details  to  be  specially 
noted  are  the  following : 

The  rectilinear  scales  show  the  distance  of  the  stop  or  needle  from 
the  zero  plane;  the  indicator  scales,  the  distance  of  the  same  points 
from  the  pivot.  Both  these  are  measurements  of  the  instrument  and 
could  be  recorded  in  millimeters.  But  the  rectilinear  scales  of  the 
needle  are  also  required  to  identify  the  position  of  the  objective  point 
in  the  brain  by  indicating  its  distance  from  the  zero  plane  in  terms 
of  the  chart  where  the  nominal  millimeters  are  coordinates.  There- 
fore, this  distance  must  be  recorded  not  in  millimeters,  unless  the 
dimension  involved  is  of  standard  size,  but  in  coordinates  or  corrected 
millimeters,  proportional  to  the  size  of  the  dimension  compared  with 
the  standard.  If  the  correction  is  made  by  calculation,  a  millimeter 
scale  can  be  used;  otherwise,  an  extensible  scale  is  necessary. 

Lastly,  the  adjustable  index  must  be  set  to  correspond  with  some 
constant  With  separate  scales  on  both  sides  the  coarse  projection  is 
recorded  by  the  scale  of  the  stop.  Here  the  sliding  movement  between 
the  sheaths  is  completed  before  the  index  of  the  needle  is  set;  then, 
the  needle  and  stop  having  been  made  to  coincide,  the  adjustable  index 
is  set  at  the  same  figure  on  the  scale  of  the  needle  as  the  arrow  shows 
on  the  scale  of  the  stop;  in  other  words,  the  scale  of  the  needle  is  made 
a  continuation  of  the  scale  of  the  stop.  The  constant  in  this  case  is 
the  scale  of  the  stop.  With  single  scales,  on  both  sides  the  scale  of 
the  stop  is  abolished.  Both  coarse  and  fine  projection  are  recorded  on 
the  scale  of  the  needle  and  the  adjustable  index  must  be  set  at  the 
outset  The  points  of  the  stop  and  needle  having  been  made  to  coin- 
cide, the  stop  is  made  level  with  the  center  of  the  pivot  by  bringing 
the  P.  S.  line  on  the  inner  sheath  to  the  top  of  the  outer  sheath.  Then 
on  the  rectilinear  scale  the  adjustable  index  is  set  at  70,  on  the  indicator 
scale  at  zero.  In  the  former,  with  any  projection  of  either  stop  or 
needle,  the  approach  to  the  zero  plane  is  recorded  towards  zero  on 
a  descending  scale;  in  the  latter,  similar  movements  are  recorded  from 
the  pivot  which  is  represented  by  zero  on  an  ascending  scale.  The 
constant  here  is  the  pivot  which  is  70  mm.  from  the  zero  plane  parallel 
to  the  stage  and  perpendicular  to  the  needle. 

The  best  pattern  for  the  needle-holder  in  future  appears  to  be  one 
similar  to  that  illustrated,  but  with  an  instrument  suitable  for  heads 
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not  larger  than  that  of  a  rhesus  it  will  be  advisable  to  employ  single 
scales,  9  cm.  long,  for  coarse  and  fine  projection  on  botii  sides  as 
described  (1  and  3). 

Oanging  and  Drilling.    Hethodi  and  Applioation,  Charts, 
Miorotcopie  Section,  Frontal  Sinns  in  the  Cat 

In  some  respects  it  would  have  been  advantageous  to  include  the 
following  description  in  the  second  chapter,  as  the  topographical  data, 
upon  which  operative  procedure  is  founded,  depend  upon  the  accuracy 
of  the  methods  of  measurement,  and  some  knowledge  of  these  methods 
is  required  for  a  complete  estimate  of  the  topographical  principles  and 
their  application. 

But,  as  the  instruments  employed  for  gauging  and  drilling  are 
attached  to  the  head-vice  and  cage,  it  was  necessary  to  describe  the 
latter  first  and,  having  carried  the  description  of  the  rectilinear  instru- 
ment so  far,  it  was  undesirable  to  interrupt  it  with  an  account  of  the 
procedure,  which  will  now  be  explained. 

Ganges  and  DnUs. — Accurate  measurement  of  the  cranium  of  a 
living  animal  is  a  matter  of  some  difficulty;  the  method  described  here 
has  gone  through  several  modifications  and  has,  I  hope,  reached  some- 
think  like  finality.  Not  mathematical  accuracy,  which  is  impossible 
with  such  irregular  and  in  some  parts  yielding  structures,  but  it  is 
probably  as  near  it  as  the  conditions  permit;  the  imavoidable  errors 
are  small,  the  procedure  simple  and  fairly  quick  and  there  should  be 
no  serious  mistake. 

Formerly,  with  the  rectilinear  machine,  measurement  of  the  cranium 
was  eflFected  by  a  depth  gauge  with  a  needle-point  applied  to  the  free 
surfaces  of  the  cage.  This  is  shown  in  Plates  XXII,  XXIII  and 
XXIV.  For  drilling,  a  rectangular  frame,  carrying  drill  guides,  was 
applied  to  the  cage  in  three  positions  shown  in  Plates  XXXI,  XXXII 
and  XXXIII.  The  procedure  was  simplified  and  improved  in  the 
combined  gauging  and  drilling  cage  (PI.  XXXIV)  which  is  more 
satisfactory  for  both  purposes. 

It  may  be  objected  that  the  special  cage  is  cumbersome  and  some 
simpler  instrument  might  serve  the  purpose;  several  have  been  tried 
without  much  success.  All  forms  of  calipers  are  untrustworthy,  but 
the  modified  depth  gauge  with  a  needle  and  cap  (PI.  XXII)  answers 
the  purpose,  if  care  is  taken  to  ensure  its  application  to  correspond- 
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ing  points  in  all  cases.  As  a  slight  difference  in  the  direction  of  a 
diameter  may  cause  appreciable  error,  the  needle  must  be  perpendicu- 
lar to  the  zero  plane  and  in  addition  to  this  it  requires  a  cage  and  can- 
not be  used  with  the  equatorial.  So,  for  those  who  have  already  pro- 
cured the  rectilinear  machine  and  the  cage  which  belongs  to  it,  this 
gauge  may  be  recommended,  but  anyone  who  has  the  equatorial  and 
would  have  to  obtain  a  cage,  as  well  as  the  needle  gauge,  had  better 
obtain  the  combined  drilling  and  gauging  cage  complete. 

The  same  remarks  apply  to  the  matter  of  drilling.  If  it  is  resorted 
to  only  occasionally,  the  detachable  frame  (Pis.  XXXI,  XXXII, 
XXXIII)  applied  to  the  cage  of  the  rectilinear  machine  will  serve 
the  purpose  of  those  who  have  the  latter  instrument  and  save  the 
expense  of  the  special  cage  (PL  XXXIV).  Illustrations  of  this  frame 
are  given,  but  the  special  cage  is  much  more  satisfactory. 

The  Needle  Gauge.— (Pis.  XXII,  XXIII,  XXIV.)  The  illustra- 
tions and  explanatory  notes  make  a  lengthy  description  of  this  gauge 
unnecessary  and  its  application  is  further  explained  in  the  account 
of  the  measuring  cage  which  follows;  the  only  difference  being  that, 
instead  of  guides  to  direct  a  needle  gauge  permanently  attached  to  six 
sides  of  a  special  cage,  there  is  a  needle  gauge  (136)  mounted  on  a 
sliding  joint  (142)  on  a  base  bar  (131),  with  two  sliding  feet  (132) 
which  can  be  applied  to  any  surface  of  the  ordinary  cage  of  the 
rectilinear  instrument. 

The  gauge  shown  in  the  illustrations  was  graduated  for  use  with 
a  cage  in  which  the  three  diameters  were  different  and  the  adjustable 
index  (139)  had  to  be  set  for  each.  There  are  two  scales  on  the  gauge. 
One  (134)  reading  from  the  needle  is  employed  only  for  setting  the 
index;  the  other  (135)  is  employed  for  measuring  the  cranium.  The 
measurements  on  this  scale  are  reckoned  from  the  point  of  the  cap 
(138)  when  it  is  screwed  up  (136) ;  in  this  position,  the  point  of  the 
needle  (137)  is  exactly  flush  with  the  point  of  the  cap  and  therefore 
the  point  of  the  needle  or  of  the  cap  serve  as  the  zero  of  scale  (135) 
read  by  the  index  (139).  To  set  the  gauge,  the  figures  engraved  on 
the  foot  (132)  are  required,  the  number  selected  depending  on  the 
dimension  to  be  measured,  t.  e.,  transverse,  longitudinal  or  vertical. 
The  index  (142)  is  brought  to  the  figure  given  on  the  foot  (132) 
for  the  required  diameter  on  the  scale  (134)  and  fixed  with  a  screw 
not  seen  in  the  photograph;  the  index  (139)  is  then  set  at  zero  on 
scale  (135)  and  fixed  with  the  screw  (141).    When  it  has  been  set 
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in  this  way,  if  the  gauge  is  applied  to  the  cage  in  the  required  diameter, 
the  point  of  the  cap  or  needle  will  be  at  the  zero  plane  to  which  it  is 
perpendicular  (PI.  XXII).  If  the  screw  which  fixes  the  gauge  ia 
then  relaxed  and  the  gauge  applied  to  a  head  in  the  cage  (PL  XXI Y) 
and  the  needle  made  to  p^etrate  the  integuments  to  the  bone,  the 
index  (139)  shows  on  scale  (135)  the  distance  in  millimeters  from 
the  zero  plane  to  the  surface  of  the  bone.  In  the  example  shown,  the 
object  is  to  measure  the  vertical  diameter  of  the  cranium  from  the 
basal  zero  plane  to  the  vertex.  The  figure  given  at  (132)  for  the 
vertical  diameter  is  52,  so  the  index  (142)  is  brought  to  52  on  the 
scale  (134)  and  fixed  and  the  index  (139)  set  at  zero  on  the  scale 
(135).  If  the  gauge  is  then  applied  to  the  cage  so  that  the  needle 
is  directly  over  the  point  where  the  sagittal  and  frontal  zero  planes 
intersect,  the  point  of  the  needle  will  be  at  the  interaural  line  (PI. 
XXIII).  The  fixing  screw  is  relaxed  and  the  sliding  gauge  (136) 
withdrawn  sufficiently  to  apply  it  to  the  head  in  the  cage  (as  shown 
in  PL  XXIV),  the  needle  is  pushed  through  the  integumaits  up  to 
the  bone  and  the  index  (139)  is  seen  to  be  at  30  on  the  scale  (135). 
The  distance  from  the  basal  zero  plane  to  the  vertex  at  the  selected 
point  is,  therefore,  30  nun.  in  this  head.  In  future,  with  a  cage  in 
which  the  three  diameters  are  identical,  it  will  not  be  necessary  to 
set  the  gauge  for  any  diameter — the  adjustable  index  and  second 
scale  will  not  be  required.  It  will  only  be  necessary  to  apply  the 
gauge  to  the  head  (as  in  PL  XXIV)  and  the  index  (142)  will  show  on 
a  single  scale  on  the  sliding  gauge  the  distance  of  the  surface  of  the 
bone  from  the  zero  plane  in  any  diameter. 

Drilling. — The  use  of  the  drill  has  been  explained  in  the  account 
of  the  preparation  of  chart  sections  in  the  first  part  of  the  atlas  and 
will  be  described  again  in  this  chapter.  In  all  sections  of  the  cranium 
in  any  plane,  the  position  of  the  other  two  zero  planes  is  indicated 
by  crossed  lines  and  these  are  defined  by  three  drill  punctures  in  a 
line,  the  drill  being  perpendicular  to  the  plane  of  section.  The  cen- 
tral puncture  is  made  at  the  intersection  of  two  zero  planes ;  the  others 
10  mm.  on  each  side  of  it.  A  line  connecting  the  three  punctures 
represents  one  of  the  zero  planes  in  section  and  a  second  line  through 
the  central  puncture,  at  right-angles  to  the  first,  represents  the  other. 
It  is  desirable  that  a  drilling  apparatus  should  be  available,  as  the  only 
charts  published  at  present  are  those  of  the  cat.  The  first  part  of  the 
rhesus  is  issued  with  this  description,  but  if  any  other  species  of  ani- 
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mal  is  used  for  investigatioii,  the  experimenter  must  prepare  his 
own  charts;  not  necessarily  a  series,  a  few  sections  may  suffice,  but 
these  must  be  prepared  in  the  usual  way.  For  topographical  pur- 
poses, also,  such  as  the  localization  of  a  lesion,  a  drill  is  often  useful 
and  lastly,  although,  with  care,  accurate  measurements  can  be  made 
with  a  needle  gauge  applied  to  the  ordinary  cage,  it  is  more  satisfac- 
tory to  make  them  with  the  special  apparatus. 

Gauging  and  Drilling  Cage. — (PL  XXXIV.)  Of  the  two  purposes 
of  this  instrument,  drilling  requires  most  attention,  as  it  presents 
greater  difficulties;  and  while  a  drilling  cage  can  always  be  adapted 
for  gauging,  the  converse  may  not  be  true,  as  an  efficient  gauging 
instrument  might  not  be  rigid  enough  for  the  drill.  Gauging,  how- 
ever, must  be  practised  in  living  as  well  as  in  dead  animals,  whereas 
drilling  is,  of  course,  only  employed  with  the  latter,  and,  as  a  rule, 
with  heads  which  have  been  separated  from  the  body.  With  a  rigid 
frame  and  adjustable  guides,  regulated  by  scales,  the  drill  is  directed 
through  the  cranium  in  any  of  its  three  diameters.  Three  punctures 
are  made  in  a  line  at  measured  intervals,  in  the  zero  planes  which 
they  define,  vertically  and  transversely  in  the  frontal,  and  longi- 
tudinally in  the  horizontal  zero  plane.  To  define  the  zero  planes 
accurately  the  head  must  be  adjusted  in  the  head-vice,  to  which  a 
cubical  skeleton  frame,  similar  to  the  cage  of  the  rectilinear  machine, 
but  stouter  and  heavier,  is  applied.  It  is  provided  with  feet  and  bolts 
like  the  ordinary  cage  and  engages  the  same  slots,  and  adjustable  drill 
guides  in  opposed  pairs  are  fitted  in  slide  blocks  (5,  6,  17,  18,  23,  23) 
to  the  six  sides  of  this  cage.  The  drill  guides  proper  (7,  8),  as  dis- 
tinguished from  the  slide  blocks  which  carry  them,  are  cylindrical  rods 
6  mm.  in  diameter,  bored  in  their  long  axis  for  the  drill  and  themselves 
fitting  cylindrical  slots  in  the  slide  blocks  which  travel  on  the  gradu- 
ated guides  (1,  2,  3,  4,  15,  16)  of  the  cage.  The  movements  of  the 
sUde  blocks  are  regulated  and  any  pair  of  them  can  be  accurately 
adjusted,  at  opposite  points  of  a  selected  zero  plane,  by  the  scales  on 
the  traversing  guides,  and  the  blocks  can  be  fixed  in  any  position  with 
screws.  The  cylindrical  drill  guides  also  slide  in  their  slots  and  can 
be  pushed  into  firm  contact  with  the  cranium  and  fixed  with  screws, 
the  object  being  to  give  the  drill  as  much  support  as  possible  and 
especially  to  prevent  it  from  slipping,  where  it  engages  an  oblique 
surface  of  bone.    The  drill  is  introduced  first  on  one  side  of  the  head 
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and  then  on  the  other  and  then  a  long  needle  (32)  is  passed  through 
the  cranium  from  guide  to  guide. 

The  traversing  guides,  which  carry  the  slide  blocks  and  drill  guides, 
are  fitted  to  the  cage  as  follows:  Four  bars  (1,  2,  3,  4)  graduated 
in  millimeters  and  each  carrying  a  slide  block  (5,  6,  23,  23)  form 
a  rectangular  frame,  which  is  fixed  over  the  cage  in  the  frontal  plane 
just  in  front  of  the  frontal  zero  plane,  so  that  the  centers  of  the  slots 
of  the  slide  blocks  coincide  with  the  zero  plane  above,  below  and  on 
both  sides.  This  frame  is  permanently  fixed  to  the  cage  and,  in  order 
that  the  latter  may  be  lowered  over  the  head,  the  inferior  guide  (4) 
of  the  drilling  frame  is  detachable.  The  other  three  sides  of  the  frame 
are  fixed  astride  the  cage,  which  is  applied  from  above  over  the  head ; 
four  feet  with  bolts  (67,  68)  fit  the  slots  of  the  head-vice  and  are 
firmly  locked.  The  lower  detachable  guide  terminates  at  both  sides 
in  joints  (13,  14)  which  fit  over  the  extremities  of  the  vertical  guides 
(2,  3)  of  the  frame  and  are  fixed  with  screws,  thus  completing  the 
quadrilateral  frame  for  vertical  and  transverse  drilling.  For  the  for- 
mer, the  upper  and  lower  slide  blocks  are  brought  to  zero,  which  is  the 
middle  point  of  the  transverse  guides,  and  in  this  position  the  centers 
of  the  drill  guides  coincide  with  the  intersection  of  the  sagittal  and 
frontal  zero  planes.  The  head  is  drilled  here,  and  this  is  the  center  of 
the  three  vertical  punctures;  the  slide  blocks  are  than  moved  succes- 
sively 10  mm.  on  both  sides  of  this  point  and  the  drilling  repeated, 
completing  the  three  vertical  punctures  in  the  frontal  zero  plane. 
For  transverse  drilling  in  the  same  zero  plane,  the  lowest  of  three 
pimctures  in  a  vertical  line  is  made  through  the  ear  pivots,  which 
are  bored  for  this  purpose  (31,  31) ;  the  next  puncture  is  made  through 
the  drill  guide  at  the  level  of  the  horizontal  zero  plane;  and  the  third 
at  the  same  distance  above  the  second.  The  mid-horiz(»tal  zero  plane 
is  not  a  constant,  being  one-third  of  the  distance  from  the  meatus  to 
the  vertex  in  the  cat  and  one-fourth  of  that  distance  in  the  monkey. 
The  punctures  are  made  at  corresponding  intervals  by  the  adjustment 
of  the  slide  blocks  on  the  scales  of  the  vertical  guides  of  the  frame. 
As  this  drilling  frame  is  fixed  in  the  frontal  zero  plane,  which  is  a 
constant,  no  longitudinal  adjustment  is  necessary.  A  single  movement 
on  the  transverse  guides  for  vertical  drilling  and  on  the  vertical  guides 
for  transverse  drilling  is  sufficient  to  bring  the  drill  to  any  of  the 
points  indicated.  But,  as  longitudinal  drilling  is  practised  in  the 
mid-horizontal  zero  plane,  which  is  not  a  constant,  both  vertical  and 
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transverse  adjustanents  of  the  slide  blocks  (17, 18)  are  required.  For 
this  purpose  the  anterior  and  posterior  transverse  guides  (15,  16), 
which  carry  the  sUde  blocks  of  the  longitudinal  drill  guides,  termi- 
nate at  botii  ends  in  joints  (21,  21,  22,  22)  which  slide  vertically  on 
the  anterior  and  posterior  pairs  of  legs  (PI.  X,  66,  65,  66,  66)  of  the 
cage,  and  they  can  be  raised  or  lowered  and  fixed  with  screws  at  any 
height  on  the  legs  which  are  graduated  with  millimeter  scales.  By 
this  arrangement  the  anterior  and  posterior  drill  guides  are  brought 
to  the  same  level  and  accurately  opposed,  first  in  the  median  sagittal 
plane  and  then  at  corresponding  points  10  mm.  to  right  and  left  of  it. 

Drills. — The  drills,  employed  in  the  manner  described,  should  be 
tempered  and  of  about  No.  14  standard  wire  gauge,  1.8  mm.  in 
diameter;  this  is  the  smallest  size  which  possesses  sufficient  rigidity 
for  drilling  a  cranium  as  large  as  that  of  a  rhesus  monkey  and  would 
not  be  rigid  enough  for  a  larger  head.  Different  forms  of  cutting 
points  have  been  tried,  the  awl  point,  triangular  in  section,  appearing 
to  be  the  most  satisfactory,  although,  theoretically,  it  is  not  a  good 
form  of  drill,  as  it  has  no  clearance  or  cutting  edge;  nevertheless,  it 
penetrates  the  skull  and  its  point  is  less  easily  deflected  by  an  oblique 
surface  of  bone  or  membrane  than  more  orthodox  forms.  When  any 
form  of  drill  engages  such  an  oblique  surface  it  should  be  run  with 
light  pressure  and  as  rapidly  as  possible;  a  motor  should  be  used  if  it 
is  available,  but  an  ordinary  hand  drill  will  generally  give  satisfactory 
results. 

Preparation  of  Miorosoopie  SeotionB. — It  has  been  mentioned  that 
the  drill  is  chiefly  used  for  identifying  the  zero  planes  in  chart  sec- 
tions, and  that  anyone  may  have  occasion  to  use  it  for  that  purpose. 
Drill  marks  are  sometimes  useful,  especially  for  beginners,  to  asfflst  in 
the  localization  of  lesions  and  the  identification  of  structures  in  micro- 
scopic sections.  Most  of  us  have  wasted  time  and  trouble  in  acquiring 
this  accomplishment  under  difficulties  owing  to  the  capricious  selec- 
tion of  planes  of  section  and  it  is  to  be  hoped  that  the  adoption  of 
constant  planes  in  the  charts  will  help  to  abolish  such  a  gratuitous  inflic- 
tion. The  following  procedure  is  recommended  for  the  topographical 
purposes  referred  to : 

As  a  preliminary,  the  brain  must  be  injected.    A  cannula  is  intro- 
duced into  the  thoracic  aorta,  the  right  side  of  the  heart  opened  and 
a  warm  solution  of  5  per  cent  formalin  and  2  per  cent  potassium 
bichromate  injected  from  a  bottle  raised  from  1  to  2  meters. 
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It  is  advisable  to  introduce  ear  cones  before  the  injection,  as  with 
formalin  the  meatus  becomes  rigid.  The  head  is  thai  adjusted  in  the 
frame  and  the  drill  is  applied  in  the  cage  in  the  zero  plane  p^pendicn- 
lar  to  that  in  which  the  sections  are  to  be  made,  so  that  the  pnnctores 
will  appear  as  points  in  every  secti<HL  This  aero  plane,  and  the  one 
at  right-angles  to  it,  wiU  be  represented  in  ev^y  section  by  crossed 
lines.  One  of  the  pnnctnres  should  be  at  the  point  of  intersection  and 
the  two  others  10  mm.  <m  eadi  side  of  it.  If  these  pimctaies  are 
▼isible  in  a  section,  by  aj^lying  a  glass  plate  with  crossed  lines  rakd 
on  it  in  such  a  way  that  the  intersection  ccnnddes  with  the  middle 
puncture  and  the  other  two  points  with  one  of  the  lines,  the  distance 
of  any  point  in  the  section  from  the  two  zero  jdanes  represaited  l^ 
these  lines  can  be  estimated.  To  measore  the  objectiye  point  from 
the  third  zero  plane,  the  sections  must  be  made  in  accordance  with  that 
object.  To  effect  this,  in  addition  to  drilling  perpendicular  to  the 
plane  of  section,  the  zero  plane  parallel  to  the  sections  must  be  marked 
by  two  drill  punctures,  on  each  side  iriiich  penetrate  far  enough  to 
be  seen  on  the  surface  of  the  brain,  so  that  it  can  be  cut  accurately 
in  this  plane.  After  it  has  been  hardened  and  the  bone  remoYed, 
the  brain  is  divided  in  the  zero  plane  maiiced  by  the  punctures.  Each 
half  is  then  placed  with  the  cut  surface  on  a  glass  plate  and  the 
measurement  of  the  dimension,  from  the  zero  plane  to  the  surface, 
taken  with  a  depth  gauge.  In  cutting  the  sections,  the  division  into 
lamells  must  be  observed  and  the  sections  numbered  accordingly.  This 
object  may  be  carried  out  in  various  ways.  In  the  first  place,  the 
brain  may  be  embedded  in  gelatine,  15  per  o^it,  and  glycerine,  5  per 
cent,  and  frozen,  or  it  may  be  embedded  and  cut  in  celloidin;  but  in 
either  case  it  must  be  divided  into  the  correct  number  of  lamdlsB  for 
the  dim^ision  by  a  proportional  scale,  after  deducting  the  average 
thickness  of  the  skull  at  that  part  of  the  cranium.  One  method  is 
to  fit  the  proportional  scale  to  the  microtome,  an  index  recording  the 
the  movement  of  the  knife  (or  the  object)  on  the  spirals  of  the  scale; 
the  spring  may  be  included  in  a  circuit  and  a  brush  ccmtact  with  the 
spirals  arranged  to  indicate  by  a  signal  each  lamella  as  it  is  cut.  Or, 
if  preferred,  the  brain  may  be  cut  in  the  macrotome  into  proportional 
slices  approximately  2  mm.  thidc.  Here  an  index  and  proportional 
scale  register  the  movement  of  the  plate  of  the  macrotome,  each  sUce 
representing  two  lamelte.  When  the  sections  are  mounted,  the  slides 
are  marked  with  the  number  of  the  lamella  and  section,  which  gives 
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one  of  the  measurements  required  for  localizing  any  given  point  in 
the  section.  The  other  two  are  found  approximately,  and  sufficiently 
accurately  for  practical  purposes,  by  applying  a  glass  plate,  ruled  in 
square  millimeters  to  the  slide,  guided  by  the  punctures  which  have 
been  made  in  the  section. 

It  may  be  observed  that  two  punctures,  one  at  the  point  of  intersec- 
tion and  one  10  mm.  from  it  on  one  of  the  zero  lines,  are  sufficient 
for  the  correct  application  of  the  ruled  glass  plate,  but  three  punc- 
tures are  preferable,  because  one  is  sometimes  missing,  as,  for  instance, 
when  it  falls  in  a  space  between  the  hemispheres.  But  two  out  of 
three  are  generally  visible  and,  as  they  are  10  nmi.  apart,  any  two 
suffice  for  the  application  of  the  plate  and  the  restoration  of  ihe  miss- 
ing puncture. 

Oauging. — The  slide  blocks,  perforated  with  cylindrical  slots  for 
the  drill  guides  and  provided  with  a  graduated  adjustment  on  the 
traversing  guides  of  the  cage,  are  equally  well  adapted  for  measurement 
of  the  cranium  with  the  needle  gauge.  The  pattern  of  this  gauge 
(PL  XXXIV,  26),  used  with  the  drilling  frame,  is  a  cylindrical  tube, 
6  mm.  in  diameter,  which  fits  the  slots  in  the  slide  blocks.  The  slots 
are  guides  for  the  gauge  and  their  outer  margins  are  the  indices  which 
read  the  graduations  engraved  upon  its  surface.  A  cylindrical  rod, 
carrying  a  needle  at  one  end  and  a  milled  head  (28)  at  the  other,  fits 
the  tube  of  the  gauge.  The  needle  projects  from  one  end  and,  at  the 
other,  a  screw  thread  extends  a  short  distance  from  the  milled  head, 
engaging  a  corresponding  screw  at  the  end  of  the  tube  so  that  by 
rotating  the  head  of  the  rod,  the  needle  can  be  projected  from  the 
tube  or  withdrawn.  A  perforated  cap  (27)  tapering  to  a  blunt  point 
fits  over  the  needle  and  is  screwed  on  to  the  tube  like  the  point  of 
a  pencil-case;  when  screwed  home,  the  point  of  the  cap  is  a  constant 
from  which  the  gauge  is  graduated.  The  needle  can  be  projected 
through  the  cap  or  made  exactly  flush  with  it>  in  which  case  the 
measurements  on  the  scale  from  the  point  of  the  needle  and  the  cap 
are  identical  and  the  point  of  the  cap  or,  when  it  is  removed,  the  sharp 
point  of  the  needle  can  be  used  indifferently  for  gauging.  The  tube 
is  graduated  with  a  millimeter  scale,  reckoned  from  a  zero  near  the 
distal  end  towards  the  point  of  the  needle  or  cap.  As  in  the  cage  of 
the  rectilinear  machine,  all  the  diameters,  from  any  external  sur&ce 
or  bounding  plane  of  the  measuring  cage,  to  the  zero  plane  parallel 
to  it,  are  identical,  vertically,  transversely  and  longitudinally,  and 
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when  the  gauge  is  projected  through  any  slot  from  outside,  till  the 
zero  mark  is  level  with  the  index,  i.  e.,  tiie  outer  margin  of  the  slot, 
the  point  of  the  needle,  or  cap,  is  at  the  zero  plane  to  which  the  gauge 
is  perpendicular  and  this  distance  is  always  85  mm.  As  the  gauge 
is  withdrawn  the  index  shows  the  number  of  millimeters  from  the 
point  of  the  needle  to  the  zero  plane,  so,  if  the  gauge  is  introduced 
till  the  point  of  the  needle  touches  the  cranium,  after  penetrating 
the  soft  tissues,  the  index  shows  the  distance  in  millimeters  of  the 
surface  of  the  bone  at  that  point  from  the  zero  plane;  this  is  one  of  the 
required  dimensions  which  is  thus  determined  quickly  and  accurately. 
It  is  advisable  that  measurements  should  always  be  made  with  the 
bare  needle  to  the  surface  of  the  bone;  the  puncture  of  the  skin  in 
an  anesthetized  animal  is  negligible  and  in  the  occipital  r^on, 
especially  in  cats,  the  thickness  of  hair,  skin  and  muscles  is  consider- 
able and  variable.  With  this  instrument,  the  cranial  measurements, 
from  the  zero  planes  to  the  surface  of  the  bone,  can  be  made  rapidly 
at  the  same  points,  ensuring  constant  diameters,  and  the  direction  of 
the  gauge  must  be  perpendicular  to  the  zero  plane — important  details. 

Selection  of  Diameters. — ^The  vertical  and  transverse  diameters  of 
the  frontal  zero  plane  in  the  rhesus  and  cat  are  not  quite  the  maxi- 
mum diameters  of  the  cranium,  which  are  usually  about  10  mm.  fur- 
ther forward,  but  the  difference  is  slight,  not  more  than  1  or  2  mm., 
as  a  rule;  the  position  of  the  absolute  maximum  is  not  quite  constant, 
and  it  is  doubtful  whether  varying  the  diameter,  in  order  to  secure 
the  maximum,  would  afford  a  better  guide  to  proportional  dimensions 
than  measurements  through  constant  points,  which  are  always  near 
the  maximiun.  It  is  more  convenient  that  all  measurements  should 
be  made  at  the  same  points,  and  on  the  whole,  it  seems  best  to  adhere 
to  the  zero  plane. 

The  same  considerations  apply  to  the  mid-horizontal  zero  plane, 
which  is  the  level  adopted  for  drilling  and  gauging.  The  basal  plane  is 
quite  unsuitable  for  these  purposes,  as  it  is  too  low.  The  mid- 
horizontal  zero  plane  is  the  best  level  and  about  the  maximum  in 
the  longitudinal  dimension;  the  maximum  transverse  diameter  is 
rather  higher,  but  the  explanation  just  given  applies  here. 

Longitudinal  Diameter  in  Bhesui. — In  the  rhesus  the  anterior 
longitudinal  measurement  is  taken  from  the  frontal  zero  plane  to  the 
glabella,  the  lowest  part  of  the  frontal  lobes  available.  This  is  about 
10  mm.  above  the  horizontal  zero  plane,  but  as  the  measurement  is 
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between  perpendiculars^  parallel  to  the  frontal  plane,  and  the  glabella  is 
the  most  prominent  point  anteriorly,  the  exact  level  of  this  measurement 
is  not  material. 

Frontal  Sinui  and  Longitudinal  Diameter  in  the  Cat. — Owing  to 
the  large  frontal  sinus  of  the  cat,  the  anterior  limit  of  the  brain  can- 
not be  defined  from  the  outside  in  that  animal.  The  anterior  lobes 
are  separated  from  the  sinus  by  a  thin  plate  of  bone,  about  1.5  nmi. 
thick.  This  septum  cannot  be  exposed  without  opening  the  sinus, 
which  is  therefore  the  only  way  to  gauge  the  longitudinal  diameter 
of  the  brain  directly. 

A  puncture  into  the  frontal  sinus  is  a  much  simpler  matter  than 
one  which  penetrates  the  bone  over  the  brain.  It  bleeds  little,  encoun- 
ters no  important  structure  immediately  beneath  it  and  can  be 
expeditiously  effected  with  one  blade  of  the  bone  forceps.  For  ani- 
mals not  intended  to  survive  the  ansesthetic  the  direct  measurement 
is  the  best.  If  a  line  connecting  the  posterior  margins  of  the  orbits 
is  drawn  transversely  across  the  cranium,  a  puncture  on  it,  through 
the  frontal  bone,  about  5  mm.  to  one  side  of  the  sagittal  zero  plane, 
will  give  access  to  the  anterior  surface  of  the  septum.  The  frontal 
lobes  of  the  cat^s  brain  are  continued  by  the  olfactory  lobes  in  the 
form  of  a  narrow  prow  or  beak  in  the  middle  line.  The  bone  which 
forms  the  septum  is  moulded  over  these  structures  and  the  most  con- 
venient point  for  measuring  the  anterior  limit  of  the  brain  is  at  the 
angle  where  the  root  of  this  beak  expands  over  the  frontal  lobes  and 
which  is  about  4  mm.  from  the  middle  line.  Having  defined  this, 
it  may  be  measured  from  the  front  with  the  needle  gauge  or  with  a 
similar  gauge  (PI.  XXXIV,  34)  which  terminates  in  a  small  cross- 
bar in  place  of  the  needle  and  which  is  intended  either  for  this  direct 
measurement  or  for  that  of  the  posterior  margin  of  the  orbit,  which 
will  be  explained  inmiediately.  If  the  animal  is  to  be  kept  alive, 
the  contour  of  the  septum  can  be  felt  with  a  probe  through  quite  a 
small  opening  and  the  point  described  identified.  In  this  case,  after 
measurement,  the  sinus  should  be  washed  out  with  a  0.5  per  cent  solu- 
tion of  lysol  and  filled  with  boric  acid.  The  septum  is  liable  to  some 
irregularity,  and  very  rarely,  and  I  think  only  in  old  animals,  the 
whole  sinus  is  filled  with  cancellous  bone. 

Although  this  procedure  is  not  a  serious  addition  to  an  operation, 
it  would  be  more  satisfactory  to  find  a  method  of  measuring  the 
head  without  opening  the  sinus.    It  was  pointed  out  in  the  atlas. 
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that  in  the  cases  examined  the  distance  from  the  interanral  line  to  the 
septum  and  the  posterior  margin  of  the  orbit  was  the  same  on  the 
average,  viz.,  31  mm.  The  measurements  were  taken  in  preparaticms 
after  removal  of  the  skin,  but  it  is  possible  to  make  it  in  a  living 
animal,  and  the  screw  rods  on  the  mask  (Fl.  II,  12,  13)  are  used 
for  this  purpose.  They  terminate  in  rounded  ends  which  Ufurcate 
to  form  a  cleft,  the  bottom  of  which  is  indicated  by  a  small  stud  on 
one  of  the  forked  ends.  When  the  mask  is  in  position,  the  screw 
rods  can  be  elongated  till  the  cleft  engages  the  posterior  margin  of 
the  orbit  about  its  center,  the  rod  is  projected  by  the  screw  till  the 
bottom  of  the  cleft  is  in  moderately  firm  contact  with  the  posterior 
margin  of  the  orbit,  indicated  by  the  stud,  which  is  kept  outside, 
and  can  be  measured  with  a  depth  gauge  from  the  front  of  the  cage. 
The  modified  needle  gauge  just  referred  to  is  now  used  both  for 
measuring  the  posterior  margins  of  the  orbits  and  the  frontal  septum 
from  the  front  of  the  cage,  Imt  the  rods  can  be  employed  for  the  pur- 
pose, so  that  it  was  not  worth  while  to  alter  the  figures  which  show 
them.  Any  method  at  present  is  only  provisional  and  it  will  require 
more  experience  before  we  can  decide  whether  the  relations  of  the 
septum  to  the  posterior  margins  of  the  orbits  are  sufficiently  constant 
to  be  adopted  as  an  estaUished  method  of  measurement.  It  is  not 
possible,  therefore,  to  speak  positively,  but  apparently  in  animals 
that  are  near  the  average  size,  and  this  generally  means  young  adults, 
the  measurement  is  fairly  constant.  With  age  the  bones  grow  more 
than  the  brain  and  the  indication  is  less  trustworthy — one  of  the  advan- 
tages of  selecting  animals  of  average  size. 

The  plan  I  adopt  is  to  measure  the  posterior  margin  of  the  orbit 
by  the  method  described;  if  it  is  not  more  than  32  nor  less  than 
30  mm.  from  the  frontal  zero  plane,  I  accept  it  as  the  measurement 
of  the  septum.  It  is  not  often  less  than  30  mm.,  but  if  it  is  more 
than  32  mm.,  for  the  second  and  every  additional  millimeter  in  the 
orbital  measurement  I  only  allow  half  a  millimeter  for  the  septum. 

Whenever  the  measurement  of  the  septum  has  been  estimated  in 
this  way,  if  possible,  after  the  animal  has  been  killed,  the  head  should 
be  put  in  the  instrument  and  the  septum  measured  directiy  with  the 
depth  gauge  and  the  results  compared.  If  this  rule  is  followed  by 
several  woricersy  before  long  we  shall  have  sufficient  data  to  settle 
this  question. 
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It  should  be  noted  that  the  limits  of  this  anterior  frontal  dimension 
are  not  of  the  same  importance  as  the  position  of  any  of  the  zero 
planes  from  which  direct  measurements  are  made.  It  is  only  taken 
to  estimate  the  relative  size  of  that  dimension  compared  with  the 
standard^  for  the  adjustment  of  the  extensible  scale.  If  there  is  an 
error^  its  extent  depends  on  the  distance  of  the  objective  point  from 
the  frontal  zero  plane.  Thus  an  error  of  1  mm.  in  the  measurement 
of  the  dimension  will  amount  to  only  a  third  of  that  distance  if  the 
objective  structure  is  10  mm.  in  front  of  the  zero  plane.  But  if  the 
anterior  part  of  the  caudate  nucleus  were  the  objective,  the  error 
would  be  greater.  In  such  a  case  it  is  advisable  to  select  an  animal 
of  average  size  or  to  make  a  direct  measurement  of  the  septum  with 
the  pilot  needle,  or  with  the  gauge,  in  the  way  described. 

In  the  bones  forming  the  posterior  margin  of  the  orbit  in  the 
camivora  there  is  a  gap  filled  by  fibro-cartilage ;  with  the  amount  of 
pressure  required,  which  is  not  great,  it  does  not  yield  enough  to 
affect  the  measurement. 


Digitized  by 


Google 


CHAPTER  VI 

nXirSTBATED  DESCBIFTIOHS  OF  nrSTBITlQSHTS  (Continued) 

Indicator!   (Pli.  XZY-XXVIII),  Eqnatorial   (Fls.   XXTX,   XXX), 
Adjnttment  of  Scales,  Quadrant  Scales  (PL  XXVII) 

The  principal  object  of  improvements  in  the  mechanism  of  the 
stereotaxic  instrument  has  been  to  secure  as  great  a  flexibility  and 
range  of  movement  of  the  operating  needle  as  possible  without  sac- 
rificing accuracy  and  rigidity.  It  is  important  that  the  operator 
should  have  a  choice  of  routes  from  the  surface  to  any  point  he  wishes 
to  reach  in  the  brain ;  there  may  be  tracts  or  other  structures  which 
it  is  desirable  to  avoid,  and  although  the  injury  produced  by  the 
passage  of  the  needle  is  comparatively  slight,  it  should  not  be  ignored, 
nor  should  the  possibility  of  its  contributing  to  the  degeneration 
attributed  to  an  intentional  lesion  be  overlooked.  Again,  in  stimula- 
tion experiments,  owing  to  the  tendency  to  *'  escape,^^  valuable  infor- 
mation for  the  correction  of  error  may  be  acquired  if  the  focal  point 
is  approached  by  different  routes  and  any  variations  in  the  respcmse 
are  noted  and  compared.  The  diflBculty  of  securing  the  above  objects 
has  been  due  to  the  necessity  of  combining  qualities  which  are  more 
or  less  antagonistic ;  the  freer  the  movements  the  less  easy  it  becomes 
to  measure  and  record  them.  If  we  depend  on  scales  attached  to  the 
instrument  to  direct  the  needle,  its  excursions  must  be  rectilinear; 
at  least  I  am  not  aware  of  any  satisfactory  method  of  registering 
inclined  or  imiversal  movements  by  scales.  Fortunately,  there  is 
no  need  of  one,  as  it  is  improbable  that  any  other  method  could  serve 
the  purpose  better  than  the  indicator,  an  instrument  in  which  all  the 
essential  conditions  presented  by  the  head  and  the  stereotaxic  machine 
are  exactly  reproduced.  An  index  point,  representing  the  objective, 
is  adjusted  with  identical  relations  to  three  index  planes  which  cor- 
respond to  the  zero  planes  of  the  cranium.  Four  pillars  are  fixed 
to  the  floor  of  the  indicator  in  such  a  position  that  slots,  like  those  of 
the  head-vice,  with  which  they  are  provided,  have  similar  relations 
with  the  index  planes  and  consequently  with  the  index  point.  Any 
mechanism,  for  directing  the  operating  needle,  which  fits  into  the 
96 
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slots  of  the  head-vice,  can  be  applied  to  the  corresponding  slots  of 
the  indicator  and  mnst  have  identical  relations  to  the  zero  planes, 
and  any  points  at  the  same  distance  from  them,  in  both  instruments. 
A  single  operating  mechanism  can  be  employed  and  transferred  from 
the  indicator  to  the  head-vice;  or,  duplicate  instruments  may  be  used 
with  corresponding  scales  in  which  the  movements  are  directed  by 
sight  in  the  one  applied  to  the  indicator  and  copied  in  the  other; 
or  finally,  a  needle  may  be  directed  in  the  indicator  from  a  frame, 
which,  without  being  a  duplicate  of  the  operating  mechanism,  repro- 
duces its  essential  parts  and  movements  and  records  the  latter  with 
corresponding  scales.  The  operating  mechanism  in  the  rectilinear 
instrument  consists  of  a  cage  and  traversing  stage  carrying  a  needle, 
the  cage  being  fitted  to  the  slots  of  the  head- vice  and  the  needle  directed 
by  scales  to  the  objective  point.  This  mechanism  can  also  be  applied 
to  the  slots  of  the  indicator,  if  required  for  inclined  movements  of 
the  needle  which  cannot  be  directed  by  its  scales.  Another  form  of 
operating  mechanism,  which  affords  the  needle  imiversal  movement,  is 
the  equatorial ;  it  fits  the  corresponding  slots  in  the  head-vice,  and  the 
indicator  by  which  all  its  movements  are  directed.  Thus,  if  either 
the  cage  or  the  equatorial  is  applied  to  the  slots  of  the  indicator, 
the  needle  can  be  manipulated  in  view,  by  any  available  movement, 
in  any  direction,  from  various  positions,  till  it  reaches  the  index 
point,  and  if  the  mechanism  is  then  transferred  to  the  head-vice,  the 
needle  will  be  at  the  corresponding  point  in  relation  to  tiie  zero 
planes  of  the  cranium;  i.  e.,  at  the  objective  point.  It  is  a  simple 
mechanical  procedure  requiring  no  anatomical  knowledge  and,  with 
one  exception,  no  alteration  in  the  adjustment  of  any  part  of  the 
mechanism,  nor  even  the  use  of  the  scales.  The  exception  will  be 
apparent;  to  reach  the  objective  point  in  the  brain  the  needle  must 
penetrate  the  skuU,  which  is  trephined  for  the  purpose.  The  operat- 
ing mechanism  cannot,  therefore,  be  applied  to  the  head-vice  with 
the  needle  fully  projected ;  its  extension  must  be  adjustable  and  regu- 
lated by  a  scale.  When  the  needle  has  reached  the  index  point  in 
the  indicator  the  position  on  its  scale  is  noted;  it  is  retracted  suffi- 
ciently to  permit  of  the  application  of  the  cage  or  equatorial  to  the 
head  and  then  projected  till  it  touches  the  skull.  This  point  is 
marked.  The  cage  can  be  removed  while  the  skull  is  trephined,  then 
replaced,  and  the  needle  racked  through  the  brain  to  the  figure  noted 
on  the  scale,  when  it  will  have  reached  the  objective  point. 
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This  method  of  using  a  single  operating  instniment^  either  cage 
or  equatorial,  and  transferring  it  from  the  indicator  to  the  head  has 
the  advantage  of  simj^city.  No  scales  are  necessary  except  the  one 
which  records  the  projection  of  the  needle,  and  even  accuracy  of  the 
instrument  itself  is  not  of  vital  importance;  so  long  as  the  slots  have 
identical  relations  to  the  index  and  objective  points  in  both  instru- 
ments, if  the  needle  is  brought  to  any  selected  point  in  one  instru- 
ment, it  must  be  in  the  corresponding  poeiticm  in  the  other.  For 
the  majority  of  experiments,  ^erefore,  this  method  will  probably 
be  preferred,  but  a  larger  field  of  operatire  procedure  is  opened  by 
employing  duplicate  instruments,  one  of  which  is  applied  to  the  indi- 
cator, and  the  other  to  the  head;  every  movement,  regulated  by  cor- 
responding scales,  is  directed  by  si^t  in  the  indicator  and  copied  in 
the  duplicate.  Here  accuracy  in  every  detail  of  both  instruments 
is  indispensable,  as  well  as  care  to  observe  that  the  readings  of  all 
corresponding  scales  are  identical.  It  may  be  questioned  whether  any 
probable  advantages  can  compensate  for  the  obvious  defects  of  this 
method,  the  sacrifice  of  simplicity  and  a  considerable  increase  of 
trouble  and  expense.  There  are  some  very  decided  advantages,  but, 
perhaps  fortunately,  they  are  associated  more  with  probable  develop- 
ments of  the  methods  in  the  future  than  vrith  their  immediate  appli- 
cation. But,  even  now,  with  the  forms  of  cutting  needles  which  are 
described  (Chapter  IV,  PL  XVII)  and  without  counting  on  others 
which  may  be  designed,  there  are  planned  operations  for  isolating 
centers,  or  nuclei,  or  tracts  of  considerable  size,  which  may  be  of 
great  value.  It  would  be  very  diflScult  to  carry  these  out  with  a  single 
instrument,  but  they  may  be  accomplished  in  consecutive  steps, 
directed  by  sight  in  one  instrument,  and  copied  in  the  other.  It 
will,  I  believe,  be  practicable,  by  substituting  fine  steel  bars  for  silk 
threads  in  the  gratings,  to  reconstruct  a  reproduction  of  various  struc- 
tures of  the  brain  upon  the  fioor  of  the  indicator;  instead  of  one 
index  point  there  may  be  many,  connected  by  elastic  threads  repre- 
senting tracts,  or  blood  vessels,  and  models  of  nuclei  may  be  intro- 
duced. The  reconstructions  would  be  permanent,  but  with  movable 
needles  carried  by  the  steel  gratings  and  the  use  of  elastic  threads, 
the  whole  reconstruction  could  be  automatically  adjusted  in  three 
dimensions  for  variations  in  size,  and  operations  of  some  extent  per- 
formed with  precision.  It  is  upon  these  lines  that  we  may  look  for 
the  application  of  the  methods  of  surgery,  but  such  developments 
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are  more  or  less  speculative  and,  for  the  present^  we  may  be  content 
with  the  simplicity  and  convenience  of  a  single  instrument  or,  at 
any  rate,  resort  to  duplicates  only  for  certain  special  investigations. 

There  is  an  application  of  this  method,  however,  available  at  the 
present  stage  with  either  a  single  or  duplicate  instrument  which 
deserves  mention.  It  consists  of  the  utilization  of  hardened  brains 
as  models  in  which  planned  operations  are  carried  on  in  one  instru- 
ment and  copied  by  means  of  corresponding  scales,  etc.,  on  the  brain 
of  another  animal  of  the  same  species,  fixed  in  an  identical  machine; 
or,  the  operation  may  be  carried  out  by  sight  on  the  model  and  every 
movement  noted  on  the  scales  or  recorded.  The  head  of  a  living 
animal  can  then  be  fixed  in  the  same  machine  and  every  detail  of 
the  operation  repeated.  Brains  hardened  in  formalin  and  bichromate 
shrink  very  little  and  if  the  brain  selected  for  the  model  is  very 
nearly  the  same  size  as  that  of  the  animal  operated  on,  the  propor- 
tions of  structure  or  nuclei  upon  which  the  operation  is  performed 
will  generally  be  very  similar.  The  model  must  be  marked  before 
the  bone  is  removed  in  the  manner  described  in  Chapter  Y,  so  that, 
after  it  is  hardened,  the  zero  planes  can  be  readily  identified.  It  is 
fixed  in  a  holder  supported  on  a  universal  joint  on  a  pillar  which 
can  be  screwed  into  the  plate  of  the  indicator;  the  model  can  then 
be  adjusted  and  fixed  so  that  its  zero  planes  correspond  with  the  white 
zero  lines  of  the  gratings  and  any  desired  operations  can  be  carried 
out  with  equatorial  and  the  cutting  needles  described.  Then  either 
repeated  on  a  head  in  another  instrument  with  another  equatorial, 
or,  the  recorded  movements  of  the  needles  can  be  repeated  with  the 
same  equatorial  and  needles,  transferred  from  the  indicator  to  the 
instrument  attached  to  the  head  of  the  selected  animal.  In  both,  cases 
the  needle  is  directed  by  the  scales,  which  are  adjusted  to  repeat  the 
procedure  in  the  operation  on  the  model. 

At  the  present  time,  it  seems  probable  that  we  may  obtain  impor- 
tant information  relating  to  the  anatomical  connections  and  the  func- 
tions of  large  nuclei,  and  other  structures,  if  their  communications 
can  be  cut  and  they  can  be  more  or  less  completely  isolated  without 
mutilation.  This  may  be  eflfected  by  employing  the  finest  hypodermic 
needles  from  which  steel  wires  can  be  projected  for  cutting  purposes. 

It  is  a  practicable  operation  with  the  instruments  now  available 
and  is  not  a  merely  speculative  suggestion. 
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In  the  foregoing  description  of  the  principles  of  the  indicator^  I 
hftTe  aflsumed  that  the  index  point  is  correctly  defined,  by  constant 
units  of  measurement,  from  three  index  pluies  which  correspond 
to  the  zero  planes  of  the  charts  and  cranium,  and  in  the  simjdest 
form  of  indicator  the  measur^nents  are  in  millimeters,  as  they  are 
in  the  rectilinear  machine.  But,  as  has  been  explained,  in  the  charts 
the  imits  are  coordinates  proportional  to  the  dimensions  of  the  heads 
selected  for  section;  in  order,  therefore,  that  the  index  point  should 
coincide  with  the  objective  in  the  head  chosen  for  operation  some  means 
must  be  adopted  to  correct  the  measurements  for  variations  of  size. 
If  millimeter  scales  are  used^  they  must  be  corrected  by  calculation 
or  taUes,  but  a  mechanical  method  of  correction  is  much  more  con- 
Yenient  and  has  been  adopted  in  the  indicators  which  have  been  con- 
structed and  are  shown  in  the  illustrations  (Pis.  XXV,  XXVI, 
XXVII).  Millimeter  scales,  however,  are  cheq)er  and  their  employ- 
ment on  economical  grounds  may  deserve  consideration,  especially 
if  the  corrections  are  made  with  a  mechanical  calculator  which  saves 
a  certain  amount  of  time  and  trouble. 

It  has  been  explained  that,  owing  to  the  difference  in  cost,  it  was 
desirable  to  give  descriptions  of  two  patterns  of  the  operating 
mechanism,  the  simpler  form,  with  rectilinear  movements  and  incli- 
nation of  the  needle  in  one  plane,  in  each  position,  and  the  more 
elaborate  equatorial,  with  a  wider  range  of  movements  which  are 
practically  imiversaL  Similar  reasons  require  a  corresponding  varia- 
tion in  the  patterns  of  indicator  which  may  be  selected,  the  choice 
of  which  may  depend  on  questions  of  cost,  the  pattern  of  stereotaxic 
instrument  employed,  and  the  woric  for  which  it  is  required.  The 
three-dimeniioned  indicator,  with  mechanical  correction  for  variation 
of  size,  effected  by  adjustable  gratings,  is  the  best,  but  it  is  expen- 
sive ;  it  is  designed  for  use  with  the  equatorial,  with  which  the  needle 
can  be  directed  in  any  position  and  at  any  angle,  but  it  serves  equally 
well  for  directing  the  inclined  movement  in  the  rectilinear  machine 
and  so  fulfils  all  purposes.  If  a  cheap  pattern  is  required,  it  is  prob- 
ably most  satisfactory  to  use  a  modified  form  of  the  same  instrument, 
in  which  a  card  ruled  with  squaro  millimeters  is  substituted  for  the 
adjustable  gratings,  the  corrections  for  size  in  three  dimensions  being 
made  by  tables  or  calculation.  But,  with  the  rectilinear  instrument, 
as  the  inclination  of  the  needle  is  possible  only  in  one  plane,  a  two- 
dimensioned  indicator  is  sufScient.    It  represents  all  the  movements 
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of  the  needle  in  one  plane  and  can  be  constructed  with  a  nded  card 
and  millimeter  scales^  which  require  correction ;  or,  as  described  with 
the  three-dimensioned  pattern,  corrections  can  be  effected  mechani- 
cally with  a  reticulated  screen  formed  by  crossed  adjustable  gratings. 
I  have  not  had  occasion  to  use  either  of  the  ruled  card  patterns,  but 
their  construction  will  be  explained.  In  the  general  description  of 
instruments  in  Chapter  III  a  short  account  of  the  indicator  is  giyen 
which  has,  I  hope,  conveyed  some  idea  of  its  principles  of  construc- 
tion, which  will  now  be  described  with  the  help  of  Plates  XXV  to 
XXVIII  in  more  detail.  The  principle  of  the  two-  and  three- 
dimensioned  indicators  is  the  same,  but  in  the  former  two  gratings 
only  are  employed,  combined  to  form  a  reticulated  screen,  and  the 
movements  and  inclination  of  the  needle  are  all  in  one  plane;  whereas, 
in  the  latter,  three  gratings  are  used  to  define  the  index  point  and 
the  needle  can  be  directed  from  any  position  and  inclined  in  any 
plane.  It  is  not  necessary  to  add  very  much  to  the  account  already 
given  of  the  method  of  substituting  a  ruled  card  for  the  adjustable 
gratings  in  the  three-dimensioned  indicator;  it  has  no  advantage 
except  on  the  score  of  expense  and  involves  the  correction  of  milli- 
meter scales  in  three  dimensions  by  calculation,  which  is  objection- 
able.   The  following  description  will  explain  its  construction : 

The  Three-Dimensioned  Indicator  with  Buled  Card. — ^A  horizontal 
oblong  plate  90  x  70  mm.,  t.  e.,  rather  larger  than  a  horizontal  lamella 
in  the  rhesus,  is  mounted  on  a  vertical  pillar,  graduated  in  milli- 
meters and  raised  or  lowered  in  a  socket  by  rack  and  pinion.  Cards 
ruled  with  square  mQlimeters  can  be  fixed  to  the  plate,  each  card 
being  marked  with  a  crossed  longitudinal  and  transverse  line,  repre- 
senting the  sagittal  and  frontal  zero  lines  of  a  horizontal  lamella 
in  the  charts.  These  zero  lines  must  correspond  with  marks  on  the 
plate,  so  that  the  position  is  constant.  On  the  stand  that  carries 
the  pillar  and  plate  there  are  four  comer  columns,  the  upper  surfaces 
of  which  are  slotted  to  receive  the  bolts  on  the  feet  of  the  cage  or 
equatorial;  the  slots  have  the  same  relations  to  the  crossed  lines  on 
the  card  as  those  in  the  horizontal  frame  or  head-vice  (R.  V)  have 
to  the  interaural  and  frontal  sagittal  zero  planes  of  the  cranium. 
The  columns  are  all  the  same  height,  the  table  is  brought  to  the  same 
level  and  at  this  point  the  scale  on  the  pillar  is  marked  zero;  this, 
the  level  of  the  surface  of  the  colunms  and  slots,  is  the  basal  zero 
plane  and,  the  point  being  marked,  the  table  can  be  raised  or  lowered 
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any  required  number  of  milluneters  above  or  below  it  Any  square 
millimeter  cm  the  card,  of  given  distance  from  the  zero  lines,  can 
be  identified  and  marked  and,  the  plate  being  adjusted  to  the  given 
hei^t  in  rdation  to  the  basal  zero,  the  marked  square  represents  a 
cubic  millimeter,  the  required  distance  in  three  dimensions  from 
three  index  zero  planes,  which  have  the  same  relations  to  the  slots 
of  the  comer  columns  of  the  indicator  as  the  zero  planes  of  the 
cranium  to  the  slots  of  the  head-vice.  If  the  cage,  or  equatorial, 
with  the  needle  mounted  is  apjdied  to  the  slots  of  the  indicator  or 
head-vice  and  the  needle  is  fixed  in  any  position,  it  must  have  the 
same  relation  to  the  three  zero  planes  in  both  instruments  and  con- 
sequently the  same  relation  to  any  point  at  the  same  distance  from 
them.  We  can,  therefore,  use  either  form  of  operating  mechanism, 
i.  e.,  cage  or  equatorial,  and  fit  it  on  the  slots  of  the  indicator, 
manoeuver  the  needle  from  any  available  position,  by  any  practicable 
movement,  till  the  point  touches  the  mariced  square  on  the  card,  the 
position  is  noted  on  the  scale  of  the  needle  and  all  other  movable 
parts  fixed.  The  needle  can  now  be  retracted  as  far  as  may  be  con- 
venient, the  cage  or  equatorial  transferred  to  the  frame  on  the  head, 
the  skull  trephined  and  the  needle  finally  racked  in  to  the  figure 
noted  on  its  scale,  when  it  will  arrive  at  the  objective  point  in  the 
brain.  The  measurements  will  have  been  in  millimeters  and  assume 
a  standard  head;  for  variations  in  the  size  of  a  selected  head  in  any 
of  its  three  dimensions  corrections  must  be  made,  with  a  mechanical 
calculator  if  preferred,  both  on  the  ruled  card  and  the  scale  of  the 
pillar. 

The  three-dimensioned  indicator  illustrated  in  the  accompanying 
plates  (XXVII,  XXVIII)  is  constructed  on  the  same  principles  as 
that  just  described,  with  the  exception  that  the  position  of  the  index 
point  is  determined  by  three  adjustable  gratings  instead  of  the  milli- 
meter scales  of  the  card  and  pillar;  the  gratings  are  corrected  for 
variations  in  the  size  of  any  selected  head,  in  three  dimensions,  and 
as  the  position  of  the  index  point  is  determined  by  these  gratings, 
it  is  varied  in  the  same  proportions  and  the  measurements  require 
no  further  correction. 

Three  adjustable  gratings  represent  the  three  zero  planes  in  longi- 
tudinal, transverse  and  vertical  dimensions,  and  the  index  point  is 
identified  and  measured  from  them  by  two  needles,  carried  upon 
movable  bare,  so  that  they  can  be  made  to  correspond  with  any  divi- 
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sions  of  the  gratings.  When  they  are  adjusted,  the  point  of  inter- 
section of  the  two  needles  is  the  given  number  of  divisions  or  coordi- 
nates from  the  zeros  of  the  gratings  in  three  planes. 

The  longitudinal  and  transverse  dimensions  are  represented  and 
measured  by  two  horizontal  gratings^  closely  applied  to  one  another 
at  right-angles  to  form  a  single  reticulated  screen  (PL  XXVII, 
4,  B,  12).  The  gratings  are  formed  of  silk  threads,  stretched  between 
pegs  on  opposite  pairs  of  sway  bars  (5,  9,  13)  which  can  be  adjusted 
at  any  angle  within  the  limits  of  their  movements.  By  graduated 
quadrants  (6,  10,  14)  and  screws  (7,  11,  15)  they  can  be  fixed  in 
any  position  and  the  spaces  between  the  threads  regulated  and  mea^ 
sured.  On  one  of  each  pair  of  sway  bars  a  stretcher  is  applied  to 
regulate  the  tension  of  the  threads,  which  are  divided  by  contrast 
colors  into  groups  of  five,  so  that  they  can  be  counted  quickly.  It 
will  be  seen  that  white  threads  pass  between  the  centers  of  the  pivots 
of  opposite  pairs  of  sway  bars;  tiiese  threads  are  not  moved  by  inclin- 
ing the  bars  and  they  represent  the  zeros  from  which  measurements 
are  made;  in  the  horizontal  screen,  two  of  these  threads  represent 
the  interaural  and  median  sagittal  zero  lines.  Two  white  threads  on 
each  side  of  the  median  sagittal  line  define  the  transverse  dimensions 
of  the  standard  cranium  of  the  cat  and  rhesus  monkey  and  when  the 
quadrant  scales  are  set  at  40^,  so  that  the  divisions  of  the  grating 
measure  millimeters,  these  lines  represent  the  transverse  dimensions 
in  standard  animals.  In  the  transverse  gratings,  similar  white  threads 
represent  corresponding  anterior  and  posterior  measurements  in  the 
same  animals. 

Adjustment  of  Oratings. — ^The  transverse  grating  is  composed  of 
two  pairs  of  sway  bars  and  consists  of  a  prefrontal  and  postfrontal 
portion,  each  of  which  can  be  adjusted  independently.  This  is  neces- 
sary, because  variations  in  these  dimensions  do  not  always  correspond 
in  the  same  cranium;  the  prefrontal  dimension  may  be  greater  than 
the  standard  and  the  postfrontal  less,  or  vice  versa.  When  the  quadrant 
scales  are  set  at  40**  the  divisions  measure  millimeters  in  all  gratings 
and  each  degree  on  the  quadrant  scales  is  equivalent  to  one-fortieth 
of  a  millimeter  in  every  division  of  the  gratings;  consequently,  the 
effect  on  a  whole  dimension,  represented  by  a  given  number  of  threads, 
produced  by  moving  the  sway-bars  one  degree  on  the  quadrant  scale, 
depends  on  the  number  of  divisions  in  the  dimension.  A  dimension 
of  40  divisions  is  varied  1  mm.  by  a  movement  of  one  degree,  one  of 
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20  diTisions,  half  a  millimeter,  and  so  on ;  and  if  it  is  desired  to  Yaij 
a  dimension  a  given  number  of  millimeters,  the  proportion  of  that 
number  of  millimeters  to  degrees  of  the  quadrant  will  be  the  same 
as  the  number  of  divisions  of  the  dimension  to  40.  If  the  dimen- 
sion has  20  divisions  then  20 :  40 ::  number  of  millimeters :  number 
of  quadrant  degrees.  The  gratings  can  be  adjusted  most  quickly 
with  the  quadrant  scales,  but  they  can  also  be  set  easily  by  direct 
measurement  If  a  bevelled  millimeter  scale,  or  ruled  glass  i^te,  is 
laid  upon  a  grating,  its  zero  corresponding  with  a  white  zero  thread, 
when  the  scde  is  set  at  40"*  it  will  be  seen  that  a  dimension  bounded 
by  two  white  threads  corresponds  to  the  standard.  It  is  easy  to  increase 
or  diminish  it  by  one  or  more  millimeters  by  moving  the  sway-bars. 
The  longitudinal  and  transverse  dimensions  are  gauged  therefore  by 
a  reticulated  horizontal  screen,  and  the  vertical  dimension  is  measured 
by  a  vertical  screen  something  like  a  lawn-tennis  net  (PI.  XXVIII, 
16).  It  is  a  single  or  gridiron  grating  and  has  three  white  threads, 
the  lower  of  which  corresponds  to  the  basal  zero  plane  and  the  upper 
to  the  vertical  dimensions  in  the  standard  cat  and  rhesus.  It  is  pro- 
vided with  a  graduated  quadrant  (PL  XXVII,  33)  and  can  be  adjusted 
and  fixed  by  means  of  this,  or  by  direct  measurement,  in  the  manner 
described. 

In  practice,  when  the  several  dimensions  of  a  selected  head  have 
been  ascertained  with  the  needle  gauge,  the  divisions  of  the  gratings, 
which  correspond  to  the  number  of  millimeters  in  the  corresponding 
dimensions  of  the  standard,  are  made  to  measure  the  same  as  they 
do  in  the  selected  head,  either  by  the  quadrant  scales  or  direct  measure- 
ment. In  the  former  case,  the  grating  representing  the  dimension 
is  set  at  millimeters  by  bringing  the  index  of  its  quadrant  scale  to 
40^;  the  dimension  of  the  selected  head  must  measure  the  same  as 
the  standard,  or  more,  or  less.  If  the  same,  the  scale  being  at  40**  is 
correct,  if  more,  or  less,  the  needle  gauge  gives  the  amount  of  the 
variation  in  millimeters.  The  equivalent  of  the  millimeters  in  degrees 
of  the  quadrant  scale  can  be  stated  as  a  simple  proportion  sum,  as 
already  explained,  and  this  can  be  read  ojff  on  a  mechanical  calculator 
if  desired.  The  number  of  degrees,  so  determined,  must  be  added  to 
or  deducted  from  40**,  at  which  the  index  has  been  set,  and  which 
is  reckoned  as  zero  on  the  quadrant  scale.  The  method  of  applying 
direct  measurement  has  been  explained. 
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Haviiig  Bet  the  gratings^  the  next  step  is  to  define  the  index  point 
with  the  two  needles  referred  to. 

The  index  point  is  the  representation^  in  the  indicator^  of  the  objec- 
tive point  in  the  brain ;  it  is  identified  in  a  chart  and  its  distance  from 
the  three  zero  planes  determined;  the  same  distance  is  measured  in 
the  gratings,  by  counting  the  divisions  from  the  zero  lines.  In  the 
reticulated  horizontal  screen,  it  is  identified  as  a  mesh,  the  required 
distance  from  the  zero  lines  representing  the  interaural  and  median 
sagittal  lines,  and  in  the  vertical  screen,  the  given  number  of  hori- 
zontal divisions  above  or  below  the  white  thread  representing  the 
basal  zero.  The  actual  position  of  the  index  point  is  defined  by  two 
index  needles.  A  horizontal  radius  bar  (PI.  XXYII,  23)  is  fitted 
in  a  rotatory  joint  (20)  from  which  it  can  be  projected  by  rack  and 
pinion  (22),  the  joint  is  pivoted  (20)  on  the  plate  (1)  which  carries 
the  gratings,  outside  them,  so  as  not  to  interfere  with  their  movement; 
by  rotation  on  the  pivot  and  projection  from  the  joints  the  distal  end 
of  the  radius  bar  can  be  made  to  travel  all  over  the  horizontal  screen, 
which  it  nearly  touches,  by  a  series  of  concentric  curves  and  so  brought 
to  any  me^  of  the  screen.  At  the  end  of  the  bar  there  is  a  V-shaped 
slot  carrying  a  vertical  index  needle  (24)  which  can  be  raised  or 
lowered  and  fixed  with  a  screw  (25).  This  needle  can  therefore  be 
made  to  coincide  exactly  with  the  measured  mesh  of  the  screen  and 
represents  the  position  of  the  index  point  in  two  dimensions,  it  is  the 
required  distance  from  the  interaural  and  median  sagittal  zero  lines. 
By  a  similar  arrangement,  the  position  of  the  index  point  in  the  ver- 
tical dimension  is  defined  by  a  horizontal  index  needle  (PI.  XXVIII, 
29).  A  vertical  radius  bar  (27),  like  the  one  described,  is  moved 
by  rack  and  pinion  in  a  rotatory  joint  (30)  pivoted  above  the  verti- 
cal screen  (16).  The  bar  can  be  moved  all  over  the  vertical  screen, 
with  which  it  is  almost  in  contact,  and  brought  to  any  of  its  horizon- 
tal divisions;  a  slot  (28)  at  the  end  of  the  bar  (27)  carries  a  hori- 
zontal index  needle  (29)  which  can  be  projected  in  its  axis  and  fixed 
with  a  screw.  By  the  rotation  and  projection  of  the  radius  bar,  the 
horizontal  index  needle  is  brought  to  any  point  in  any  required  hori- 
zontal division  of  the  vertical  grating  and  adjusted  so  that  its  point 
reaches  the  vertical  index  needle  at  this  level ;  ilie  vertical  index  needle 
can  be  raised  or  lowered  till  their  points  meet  and  this  is  the  posi- 
tion of  the  index  point  (PI.  XXVIII)  determined  by  the  corrected 
gratings  in  three  dimensions.  The  definition  of  the  index  point  by 
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bringing  the  points  of  the  vertical  and  horizontal  index  needles  into 
contact^  as  described,  is  the  simplest  in  principle,  but  in  practice  such 
adjustment  of  the  points  of  two  needles,  at  right-angles  to  one  another, 
requires  some  manipulation.  The  following  plan  is  more  conyenient: 
The  vertical  index  needle  (PL  XXVIII,  24)  is  replaced  by  a  small 
square  rod,  which  can  be  raised  and  lowered  in  the  V-slot  at  the  end 
of  the  radius  bar  (23),  but  is  not  liable  to  rotate;  a  short  horizontal 
arm,  projecting  from  this  rod,  terminates  in  a  minute  horizontal 
cross  and  the  index  point  projects  upwards  for  half  a  millimeter  from 
the  point  of  intersection  of  the  arms  of  the  cross.  When  the  horizon- 
tal index  needle  is  in  contact  with  the  upper  surface  of  any  of  the 
arms,  the  index  point  reaches  to  half  the  thickness  of  this  needle. 
The  cross  is  brought  over  a  given  mesh  in  the  horizontal  screen ;  the 
horizontal  index  needle,  adjusted  to  the  correct  height  by  the  vertical 
screen,  is  brought  over  the  cross,  which  is  raised  till  an  arm  touches 
the  horizontal  needle,  when  it  is  fixed.  The  apex  of  the  index  point 
is  then  level  with  the  center  of  the  horizontal  needle  and,  at  the  same 
time,  directly  over  the  given  mesh,  and  therefore  the  required  dis- 
tance from  the  three  zero  planes ;  the  operating  needle  is  directed  to 
this  point 

In  the  three-dimensioned  indicator  represented  in  the  illustrations, 
the  horizontal  radius  bar  is  very  close  to  the  horizontal  grating  and  the 
vertical  movement  of  the  cross,  with  the  corresponding  excursion  of 
the  rod  which  carries  it  in  the  slot  of  the  radius  bar,  involves  pushing 
the  lower  end  of  the  rod  through  the  meshes  of  the  horizontal  grating, 
which  tends  to  slacken  the  threads.  To  obviate  this  it  is  better  to 
have  two  crosses,  one  above  the  other,  either  of  which  can  be  selected, 
and  if  the  upper  or  under  surfaces  of  the  crosses  are  alike,  either  will 
serve  to  represent  the  index  point;  as  the  rod  can  be  reversed,  the 
operator  has  the  choice  of  eight  index  points  at  different  levels  to  select 
from  and  one  of  them  can  be  brought  to  the  required  height  with 
very  little  adjustment.  A  sketch  of  this  device  is  given  in 
Plate  XXVIII.  A. 

A  square  rod  (1)  fits  the  slot  in  the  horizontal  radius  bar  (23) 
and  can  be  raised  or  lowered  and  fixed  with  a  screw;  it  has  two  hori- 
zontal arms  (2  and  3)  one  above  the  other  in  the  same  vertical  line; 
each  of  them  bifurcates  and  terminates  in  two  small  rings  which  hold 
the  central  pivot  of  the  cross  between  them  allowing  it  to  rotate  in 
the  horizontal  plane.    The  cross  is  a  miniature  wheel  with  four  spokes. 
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the  naye  is  a  little  tube^  about  2  mm.  in  diameter  and  3  mm.  long; 
the  two  ends  are  the  same  distance  from  the  spokes  and  either  of 
them  serves  for  the  index  point  (4,  4',  5'.)  Being  in  the  same 
vertical  line,  a  needle  (8)  can  be  passed  through  both  to  the  marked 
mesh  of  the  horizontal  grating,  which  it  can  penetrate  without  inter- 
fering materially  with  the  threads,  and  ensures  the  correct  position 
of  all  the  index  points  in  two  dimensions,  longitudinal  and  transverse. 
The  arms  of  the  cross,  corresponding  with  the  longitudinal  and  trans- 
verse threads  of  the  grating,  help  to  bring  the  needle  (8)  directly 
over  the  marked  mesh.  If  neither  of  the  horizontal  arms  (2,  3)  is 
near  enough  to  the  level  of  the  index  point  on  the  vertical  grating, 
the  rod  (1)  can  be  reversed  and  the  lower  ends  of  the  tubes  or  naves 
of  the  wheels  4',  5'  will  be  uppermost  and  one  of  them  can  be  taken 
for  the  index  point.  It  must  be  raised  by  elevating  the  rod  (1)  till 
an  arm  of  the  cross  is  in  contact  with  the  under  surface  of  the  hori- 
zontal index  needle  (29)  which  has  been  brought  directly  over  it. 
The  index  point,  t.  e.,  the  upper  end  of  the  tube,  will  then  be  level 
with  the  center  of  the  horizontal  index  needle,  and  the  operating 
needle  can  be  directed  to  this  point  as  previously  described. 

The  vertical  grating  is  attached  to  the  plate  of  the  indicator  with 
two  screws  (17)  and  is  removed  as  soon  as  the  index  point  has  been 
defined,  to  allow  free  play  to  the  operating  needle,  which  can  be  used 
with  either  cage  or  equatorial.  The  only  diflference  between  this 
indicator  and  that  with  a  ruled  card  previously  described  is  in  the 
method  of  defining  the  index  point  by  adjustable  gratings  and  making 
the  necessary  correction  for  variations  in  size  once  for  all.  The  appli- 
cation of  the  cage,  or  equatorial  carrying  the  operating  needle,  is 
identical  in  both  forms.  This  has  been  described  and  the  advantages 
of  employing  single  or  duplicate  instruments  have  been  explained. 

Two-Dimensioned  Indicator. — ^The  first  indicator  constructed  was 
the  two-dimensioned  pattern  illustrated  in  Plates  XXV,  XXVI.  It 
was  designed  and  employed  for  directing  the  inclination  of  the  needle 
in  one  plane  in  the  rectilinear  machine.  As  the  three-dimensioned 
pattern  just  described  serves  the  same  purpose,  it  is  not  necessary  to 
procure  both  instruments,  but  the  latter  is  more  expensive  and  the 
question  may  occur  to  anyone  who  proposes  to  work  with  the  rec- 
tilinear machine  whether  the  two-dimensioned  form,  which  is  cheaper, 
would  not  suffice  for  his  requirements.  No  doubt  it  might,  but  there 
is  more  than  one  alternative;  both  forms  of  indicator  can  be  made 
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with  adjustable  gratings  which,  when  once  Bet>  obviate  any  farther 
corrections  for  size,  or  with  ruled  cards,  which  are  a  good  deal  cheaper, 
but  with  which  corrections  for  size  must  be  made  by  calculation,  or 
with  tables.    This  is  objectionable,  but  it  is  rather  a  question  of  indi- 
yidual  taste  and  opinion  and  it  is  therefore  advisable  to  give  a  descrip- 
tion of  the  two-dimensioned  instrument  to  help  the  reader  to  judge  for 
himself.    The  principle  of  the  two-dimensioned  indicator  has  been 
explained  in  Chapter  III,  and  it  is  only  necessary  to  recapitulate  the 
essential  points  very  briefly.    In  the  rectilinear  machine,  when  the 
operating  needle  has  been  brought,  by  one  movement  of  the  stage,  to 
the  edge  of  a  lamella  which  contains  the  objective  point  and  is  in  the 
same  plane  as  the  inclination  of  the  needle,  the  lamella  may  be  com- 
pared to  the  page  of  a  book,  the  objective  point  to  a  letter  on  that 
page  and  the  needle  is  at  the  edge  of  the  page  with  its  axis  parallel 
to  it.    The  needle  can  be  fixed  at  any  angle  within  a  limit  of  25** 
and  it  can  be  directed  to  the  objective  or  letter  by  sight,  by  the  two 
movements  which  are  available,  namely,  (1)  the  second  movement  of 
the  stage,  parallel  to  the  page  or  lamella,  and  (2)  the  projection  of 
the  needle  in  its  axis.    Of  course,  it  cannot  be  so  directed  if  the  objec- 
tive is  not  visible,  when,  for  instance,  it  is  a  point  in  a  lamella  which 
is  only  a  hypothetical  slice  of  the  cranium  fixed  in  the  machine.    But, 
if  we  remove  the  head  and  substitute  a  scale  photograph  of  the  lamella, 
or  a  card  ruled  with  square  millimeters  and  with  crossed  lines  repre- 
senting the  zero  lines  of  the  chart,  and  fix  this  in  the  machine,  in 
the  position  of  the  lamella,  so  that  their  zero  lines  would  coincide, 
we  can  then  direct  the  needle,  by  the  movements  defined,  to  any  point 
or  mariced  square  of  given  distance  from  the  zero  lines,  note  the  posi- 
tion of  the  needle  on  its  scales,  retract  it,  then  replace  the  head  in  the 
machine,  trephine  and  rack  the  needle  to  the  figures  noted  on  its  scales, 
when  it  will  have  reached  the  corresponding  point  in  the  lamella  in 
the  brain.    To  avoid  the  removal  of  the  head,  we  may  fix  the  card 
in  a  duplicate  instrument,  direct  the  needle  by  sight  in  the  same  way 
and  copy  the  movements  by  corresponding  scales  in  the  operating 
machine.    Finally,  since  all  those  movements  are  in  one  plane  in  the 
operating  machine,  they  can  be  accurately  reproduced  if  the  card  is 
fixed  in  a  square  frame ;  one  side  represents  one  of  the  guides  of  the 
stage  and  carries  a  slide  block  to  which  is  pivoted  an  extensible  needle, 
or  finder,  with  a  quadrant  and  scale,  by  which  the  finder  can  be  set 
at  a  given  angle.    By  the  movement  of  the  elide  block  on  the  guide. 
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and  the  projection  of  the  finder  in  its  sheath,  which  correspond  to  the 
two  ayailable  moTementa  in  the  operating  machine,  the  finder  is 
directed,  by  sight,  to  the  marked  square.  The  dimensions  of  all  these 
structures  are  the  same  as  their  counterparts  in  the  machine  and 
they  have  identical  scales;  it  is,  therefore,  easy  to  copy  them  and 
bring  the  operating  needle  to  a  point,  at  the  same  distance  from  the 
zero  lines  of  the  lamella  as  the  marked  square  is  from  the  crossed 
lines  of  the  card.  In  the  operating  mechanism  of  the  rectilinear 
machine  by  applying  the  stage  to  different  surfaces  of  the  cage,  by  a 
single  movement,  the  needle  can  be  brought  to  the  edge  of  a  frontal, 
sagittal,  or  horizontal  lamella.  In  lamellae  of  different  planes  the 
crossed  lines  represent  different  zero  lines.  By  varying  the  position, 
or  point  of  view,  the  card  in  the  indicator  can  be  made  to  represent 
lamellae  in  different  planes,  the  crossed  lines  representing  different 
zero  planes  accordingly.  The  adjustment  required  to  make  the  indi- 
cator correspond  with  the  operating  instrument  in  different  planes 
will  be  soon  recognized  and  is  facilitated  by  assuming  a  section  of 
the  machine  in  the  plane  of  the  lamella;  the  correspondence  of  the 
counterparts  in  the  indicator  and  the  plane  section  of  the  machine 
will  then  be  obvious.  This  is  the  two-dimensioned  indicator  in  its 
simplest  and  cheapest  form.  It  fulfils  all  the  requirements  for  heads 
of  standard  size,  but  in  practice  these  are  rarely  found  and  the 
square  millimeters  of  the  card  must  be  corrected  for  variations  of  size 
in  the  corresponding  dimensions  of  the  selected  head,  by  calculation 
or  by  substituting  an  adjustable  reticulated  screen  for  the  card. 
The  arrangement  of  such  a  screen  has  been  sufficiently  explained 
and  is  shown  in  Plate  XXV;  the  frame  carrying  the  needle  is  applied 
over  it  (PL  XXVI). 

The  details  of  the  instrument  illustrated  in  the  plates  require  some 
further  explanation.  In  the  gratings  shown  in  the  plates  of  the 
three-dimensioned  indicator  (PI.  XXVII),  which  would  also  be  used 
for  the  two-dimensioned  form  in  future,  the  divisions  are  approxi- 
mately millimeters.  They  can  be  set  to  measure  millimeters,  or  more, 
or  less,  but  it  was  difficult  to  get  gratings  made  as  small  as  this  at 
first,  so  it  was  necessary  to  double  the  size  of  everything  in  the  indi- 
cator, every  nominal  millimeter  measuring  two.  All  parts  were 
enlarged  in  the  same  proportion  and  therefore  this  did  not  affect  the 
result  any  more  than  reading  the  scale  of  the  indicator  through  a 
magnifying  g]aas,  but  it  made  the  instruments  cumbersome.    This 
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was  obviated  in  another  way.  The  crossed  lines  divide  every  lamella 
into  four  quadrants  and  the  objective  point  must  be  in  one  of  them.  It 
isy  therefore,  sufficient  if  that  quadrant  only  which  contains  the  objec- 
tive is  represented.  This  plan  was  adopted ;  the  quadrant  is  bounded 
by  two  zero  lines  and  the  index  point  is  defined  by  counting  the 
required  number  of  divisions  of  Uie  grating,  or  coordinates,  from 
those  lines.  It  is  necessary  that  the  indicator  should  be  capable  of 
representing  any  quadrant  in  a  lamella,  in  any  of  the  three  planes. 
This  is  provided  for  by  using  three  movable  bars,  called  zero  bars, 
two  of  which  can  be  made  to  coincide  with  two  threads  of  the  cor- 
rected gratings  and  form  the  sides  of  any  quadrant  that  is  required; 
the  index  point  being  identified  by  coimting  the  divisions  from  these 
zero  bars,  two  of  which  represent  the  zero  lines  bounding  any  quadrant, 
in  any  lamella.  It  has  been  mentioned  that  in  the  cage,  as  now  con- 
structed, all  the  diameters  from  any  surface  to  the  zero  plane  paral- 
lel to  it  are  equal;  hence  the  distance  from  the  pivot  of  the  needle 
to  the  zero  plane  perpendicular  to  it  is  a  constant,  measuring  70  milli- 
meters in  the  machine.  In  the  indicator,  the  zero  bar  perpendicular 
to  the  finder  is,  therefore,  a  constant  and  is  fixed  at  70  millimeters 
from  the  pivot,  or  in  this  particular  instrument  at  double  that 
distance,  i  e.,  140  millimeters;  it  is  always  one  of  the  two  zero  bars 
forming  the  quadrant  and  is  called  the  first  zero  bar  (PL  XXVI,  12). 
When  first  constructed,  the  diameters  of  the  cage  in  longitudinal, 
vertical,  and  transverse  dimensions  were  different  and  the  first  zero 
bar  had  to  be  varied  in  accordance  with  the  dimension  represented, 
the  letters  L.  T.  V.  for  longitudinal,  transverse  and  vertical  were  for 
this  purpose,  but  are  no  longer  required.  The  first  zero  bar  is  brought 
to  coincide  with  a  thread  of  the  grating  by  sliding  the  whole  frame 
on  plates  shown  in  the  illustration  (PI.  XXVI,  9)  the  distance  from 
the  finder  (28),  which  moves  with  the  frame,  to  the  zero  bar  being 
therefore  maintained.  The  required  quadrant  is  completed  by  using 
one  of  the  other  two  zero  bars  (13,  14),  the  one  selected  depending 
on  the  position  of  the  quadrant  to  be  represented;  only  one  bar  is 
required  and,  therefore,  whichever  is  selected,  it  is  called  the  second 
zero  bar;  as  they  cannot  be  distinguished  as  right  and  left,  for  these 
positions  may  be  reversed,  they  are  identified  as  second  zero  bars 
A  and  B.  One  of  these  bars  is  made  to  coincide  with  a  thread  at 
right-angles  to  the  first  zero  bar  and  the  quadrant  is  complete.  The 
bars  must  coincide  with  threads,  because  the  index  point  is  id^ti- 


Digitized  by 


Google 


Investigation  of  the  Central  Nervous  System  111 

fied  by  counting  the  number  of  divisions  of  the  grating  from  these 
bars.  The  second  zero  bars  carry  scales  (25,  26)  which  move  vnth 
them  and  are  read  by  separate  indices  (27)  fixed  to  the  slide  block 
(23)  which  carries  the  finder  (28).  The  movement  of  the  finder  on 
its  guide  (24)  is  registered  by  this  index  and  scale  and  shows  the 
distance  of  the  finder  from  the  zero  bar  and  therefore  from  the  zero 
Une  it  represents.  The  finder  can  be  extended  in  a  sheath,  and  a  scale 
and  index  (21)  show  the  length  projected  from  pivot  to  point. 

In  using  this  indicator  the  procedure  is  as  foUows:  The  indicator 
having  been  placed  in  a  position  to  represent  the  quadrant  in  which 
the  objective  point  is  localized  (as  previously  mentioned,  this  is 
facilitated  by  assuming  a  section  of  the  machine  in  the  plane  of  the 
selected  lamella  and  comparing  the  section  with  the  indicator),  the 
next  thing  is  to  set  the  gratings  to  correspond  vnth  the  measurement 
of  the  two  dimensions  of  the  selected  head.  The  first  zero  bar  (12) 
is  then  made  to  coincide  with  a  thread  of  the  grating,  it  does  not 
matter  which,  and  fixed.  It  will  be  seen  whether  second  zero  bar  A 
or  B  is  required  to  complete  the  quadrant>  this,  of  course,  depending 
on  the  quadrant  to  be  represented;  whichever  is  chosen,  it  is  made  to 
coincide  with  a  thread  at  right^angles  to  the  first  zero  bar  and  the 
quadrant  is  completed.  The  index  point  is  defined  by  counting  the 
number  of  divisions  of  the  gratings  from  the  two  zero  bars ;  the  mesh 
so  identified  should  be  marked  with  a  pin  or  a  small  roll  of  paper. 
The  finder  (28)  is  now  set  at  the  required  angle  by  its  quadrant 
scale  (15)  and  fixed,  then  the  point  (22)  of  the  finder  is  brought 
to  the  marked  mesh  of  the  screen  by  two  movements  (1)  of  the  slide 
block  on  its  guide,  corresponding  to  a  movement  of  the  stage  in  the 
machine,  and  (2)  the  projection  of  the  finder  in  its  sheath.  The 
inclination  of  the  finder,  shown  on  its  quadrant  scale,  has  been  deter- 
mined ;  the  index  on  the  slide  block  reads  the  scale  of  the  second  zero 
bar  and  records  the  distance  of  the  finder  from  the  bar  and  therefore 
from  the  zero  plane  it  represents,  while  a  scale  and  index  on  the 
finder  and  its  sheath  show  the  distance  from  the  point  of  the  former 
to  the  pivot,  by  which  it  is  attached  to  the  slide  block.  The  operat- 
ing needle  in  the  machine  is  set  at  the  same  angle;  it  is  moved  the 
same  distance  from  the  zero  point  on  the  guide  of  the  stage  parallel 
to  one  dimension  of  the  lamella,  which  corresponds  to  the  guide  on 
which  the  slide  block  travels  in  the  indicator;  and  finally,  the  needle 
is  projected  from  its  sheath  till  the  point  is  the  same  number  of 
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millimetere  from  the  pivot  as  in  the  finder,  when  it  will  have  arrived 
at  the  objective  point  in  the  brain. 

In  future,  a  two-dimensioned  indicator  on  these  principles  will 
not  be  constructed  on  exactly  the  lines  described  and  shown  in  the 
plates.  The  difficulty  of  making  gratings  with  millimeter  divisions 
has  now  been  surmounted;  hence,  a  reticular  screen,  formed  of  two 
such  gratings,  will  be  employed  to  represent  the  whole  lamella  instead 
of  one  quadrant;  the  crossed  lines  will  be  represented  by  the  white 
threads  extending  between  the  pivots  of  opposed  pairs  of  sway  bars. 
The  indicator,  therefore,  will  be  like  the  first  one  described  witii  a 
ruled  card,  the  only  difference  between  the  screen  and  the  ruled  card 
being  that  one  is  adjustable  and  the  other  is  not;  there  will  be  no 
zero  bars,  the  frame  will  not  require  to  slide  and  the  movement  of 
the  slide  block  will  be  recorded  by  a  scale  on  the  guide,  exactly  as 
it  is  in  the  stage  of  the  machine.  This  will  be  a  simpler  instrument 
than  the  one  described  and  illustrated  and  it  may  seem  superfluous 
to  have  devoted  so  much  space  to  an  indicator  which  will  be  super- 
seded. But  I  think  it  is  desirable,  if  possible,  to  describe  instruments 
which  have  been  tried  and  point  out  their  defects  and  suggested 
improvements,  rather  than  to  furnish  accounts  or  drawings  of  designs 
which  have  not  been  tested ;  for  however  satisfactory  these  may  appear, 
it  is  impossible  to  be  certain  that  they  are  so,  till  they  have  been  tried. 

The  Equatorial  (Pls.  XXIX,  XXX) 

The  equatorial  is  a  mechanism  for  carrying  and  directing  the  opera- 
ting needle.  In  construction  it  is  similar  in  principle  to  the  astronomi- 
cal instrument  and,  within  the  available  limits,  it  affords  universal 
movement  to  the  needle  and  can  be  substituted  for  the  cage  and  stage 
of  the  rectilinear  machine.  It  is  supported  on  four  feet  with  bolts 
precisely  similar  to  those  of  the  cage  and  which  fit  the  slots  of  either 
the  head-vice  or  indicator,  and  the  needle,  in  any  position,  has  the 
same  relation  to  the  three  zero  planes,  and  to  points  at  the  same  dis- 
tance from  them,  in  both  instruments.  Therefore,  if  the  needle  is 
brought  to  the  index  point  in  the  indicator  and  the  equatorial,  after 
fixing  all  movable  parts,  is  transferred  to  the  head-vice,  the  needle  will 
be  at  the  objective  point  in  the  head ;  or,  if  duplicate  equatorials  with 
corresponding  scales  are  employed  and  the  needle  is  directed  by  sight 
to  any  point  of  measured  distance  from  the  zero  planes  in  the  indicar 
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tor,  by  making  identical  movements,  guided  by  the  scales  in  the 
duplicate  instrument,  the  needle  will  reach  the  corresponding  point 
in  the  head  though  the  point  is  not  visible.  As  already  explained, 
the  first  method  has  the  advantage  of  simplicity;  the  second,  of 
enabling  the  operator  to  perform  operations  of  some  complexity. 

The  instrument  consists  essentially  of  a  turntable  formed  by  two 
flat,  concentric,  horizontal  rings;  the  outer  (H.  XXIX,  36)  fitting 
and  rotating  freely  round  the  inner  (35)  and  surrounding  the  head 
at  the  level  of  the  basal  zero  plane.  The  inner  ring  has  four  bolts 
(37,  38)  on  its  under  surface  which  fit  into  the  slots  of  either  the 
indicator  or  the  head-vice  and  can  be  locked.  The  rings  are  graduated 
and  all  movements  of  every  part  of  the  instnunent  are  checked  by 
scales  and  fixed  by  clamping  screws ;  but,  except  for  verifying  the  posi- 
tion and  making  sure  that  it  has  not  altered,  the  scales  are  not  required 
unless  duplicate  instruments  are  employed.  If  it  is  intended  to  work 
with  a  single  instrument,  all  the  scales,  except  that  which  registers 
the  projection  of  the  needle,  can  be  dispensed  with.  An  arch  (40) ,  like 
the  declination  circle,  passes  across  the  outer  ring  to  which  it  is 
perpendicular  and  to  which  it  is  attached  by  two  terminal  feet  (42) 
which  slide  on  rectilinear  guides  (41)  fixed  to  the  outer  ring.  The 
whole  arch,  therefore,  has  a  rectilinear  sliding  movement,  at  right- 
angles  to  its  own  direction,  by  which  it  can  be  carried  completely 
across  the  rings,  and  the  head  within  them,  in  any  position.  A  slide 
block  (44)  to  carry  the  needle  (98)  is  fitted  to  the  arch  and  travels 
completely  across  it  and  can  be  fixed  at  any  point  with  t  clamping 
screw  (45).  The  outer  sheath  (72)  of  the  needle-holder  is  attached 
to  the  slide  block  by  a  quadrant  (47),  without  which  the  projection 
movements  of  the  needle  in  its  sheaths  would  all  be  radial  from  the 
periphery  of  the  arch  towards  its  center.  With  the  quadrant,  which 
permits  free  inclination  of  the  needle  on  both  sides,  its  projection  can 
be  made  rectilinear  and  parallel  to  any  horizontal  or  vertical  plane. 
The  same  needle-holder  and  needles  are  used  as  in  the  rectilinear 
instrument  and  have  been  fully  described  (Chapter  lY).  The  excur- 
sion of  both  sliding  and  racked  movement  is  registered  by  the  same 
adjustable  index  attached  to  the  outer  sheath  and  a  millimeter  scale 
engraved  on  the  left  of  the  bed.  There  are  thus  five  separate  move- 
ments of  the  needle  available,  all  of  which  are  registered  by  milli- 
meter scales  and  can  be  fixed  at  any  point  by  screws.  These  move- 
ments are: 
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KoremeiLti.-*!.  Rotation  of  the  outer  round  the  inner  ring;  this 
rotation  is  complete  and  in  either  direction. 

2.  A  rectilinear  sliding  movement  of  the  arch  on  guides  fixed  to 
the  outer  ring,  available  in  any  position  of  the  ring. 

3.  A  movement  of  the  carrier  over  the  whole  extent  of  the  arch. 

4.  Inclination  of  the  outer  sheath  of  the  needle  on  the  carrier,  regu- 
lated and  measured  by  a  quadrant 

5.  Projection  of  the  needle:  (1)  By  sliding  the  inner  in  the  outer 
sheath,  and  (2)  by  racking  the  bed  in  the  inner  sheath.  Both  move- 
ments are  read  by  the  same  scale  and  index. 

As  the  movements  are  independent  and  all  of  them  can  be  employed 
separately  or  together  in  any  combination,  the  needle  can  be  moved 
from  any  position  in  any  direction  to  any  point. 

Quadrant  Scales  (Pl.  XXVI) 

Adjustment  of  Orating. — ^The  gratings  of  the  indicator  can  be  easily 
adjusted  by  direct  measurement  with  a  bevelled-edged  millimeter  scale 
or  a  ruled  glass  plate  laid  upon  the  threads.  The  zero  on  the  scale 
is  made  to  coincide  with  the  zero  thread  of  the  grating  and  then  the 
sway-bars  are  moved  till  the  given  number  of  divisions  measure  the 
required  number  of  millimeters. 

Qraduation  of  Quadrant  Scales. — ^The  gratings  are  also  provided 
with  graduated  quadrant  scales  by  which  they  can  be  set  more  quickly. 
There  are  a  few  points  in  the  use  of  these  scales  which  require  explana- 
tion. It  would  appear  at  first  sight  that  the  degrees  of  tiie  quadrant 
scale  should  be  equivalent  to  millimeters  in  the  grating;  for  example, 
if  the  threads  of  the  grating  are  1  mm.  apart,  and  a  dimension,  which 
is  30  nmi.  in  the  standard,  is  found  to  be  33  mm.  in  the  selected  head, 
we  must  add  3  mm.  to  the  dimension,  as  it  is  represented  in  the  grating, 
and  make  30  divisions  measure  33  mm.  Apparently  this  ought  to  be 
effected  by  moving  the  sway-bars  3**  on  the  quadrant  scale,  but  this 
is  not  possible,  for  reasons  which  will  be  evident. 

Inclination  of  the  sway-bars  affects  all  the  spaces  between  the  threads 
equally  and,  therefore,  varies  a  dimension  of  30  divisions  twice  as 
much  as  one  of  15 ;  hence,  the  value  of  a  quadrant  degree,  for  increas- 
ing or  diminishing  a  given  dimension,  depends  upon  the  number  of 
its  divisions.  Now  the  gauge  is  graduated  and  the  difference  between 
corresponding  dimensions  of  different  heads  is  expressed  in  milli- 
meters irrespective  of  the  number  of  their  divisions,  and  the  millimeter 
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is  a  constant  unit,  independent  of  the  size  of  the  dimension^  whereas 
the  quadrant  degree  is  proportional  to  it.  To  find  the  number  of 
degrees  equivalent  to  the  millimeters,  which  represent  the  difference 
between  the  dimensions,  we  must  multiply  the  millimeters  by  a  num- 
ber proportional  to  the  number  of  divisions  of  the  dimension,  and  the 
result  may  be  called  the  coefficient  for  that  dimension. 

A  convenient  unit  to  select  for  a  degree  of  the  quadrant  is  one  which 
varies  every  interval  in  the  grating  1/40  of  a  millimeter.  If  the 
threads  were  in  mathematical  contact  at  zero  on  the  quadrant  scale 
and  the  sway  bars  were  moved  to  40 '^  the  threads  would  be  40/40  of 
a  millimeter,  i.  e.,  1  mm.  apart,  and  as  millimeters  are  the  units  of 
the  standard  cranium,  40^  is  made  the  actual  zero  of  the  scale;  in 
other  words,  when  the  quadrant  scale  is  set  at  40*^  the  divisions  of  the 
grating  represent  millimeters.  If  we  have  to  deal  witii  a  dimension 
which  measures  40  mm.  in  the  standard,  for  example,  the  vertical 
diameter  in  the  rhesus,  and  set  tiie  quadrant  of  the  vertical  grating 
at  40^,  the  40  spaces  representing  the  dimension  measure  40  mm. 
If  the  corresponding  dimension  in  the  selected  head  measures  41  mm., 
and  we  move  the  sway-bars  to  41^  on  the  quadrant,  we  add  1/40  of 
a  millimeter  to  each  division,  i.  e.,  1  nmi.  to  the  whole  dimension,  which 
now  measures  41  mm.  as  it  does  in  the  selected  head.  But  if  our 
dimension  had  been  20  mm.  in  the  standard,  represented  by  20  divi- 
sions of  the  grating  with  the  scale  at  40*^,  and  the  corresponding  dimen- 
sion measured  21  mm.  in  the  selected  head,  then,  if  we  moved  the 
sway-bar  to  41^  on  the  quadrant,  we  should  add  20/40  of  a  milli- 
meter to  the  20  threads  and  increase  the  whole  dimension  half  a 
millimeter.  So,  to  get  the  required  increase  of  1  mm.  we  must  move 
the  sway-bar  2^  or,  as  we  may  express  it,  for  a  dimension  of  40  mm.  the 
coefficient  is  1,  for  one  of  20  mm.  2,  for  30,  4/3,  etc.  A  table  of  coeffi- 
cients for  any  probable  dimensions  of  the  cranium  of  the  cat  and 
rhesus  is  appended,  calculated  to  one  place  of  decimals,  which  is  suffi- 
cient for  practical  purposes.  It  is  only  necessary,  with  a  given  dimen- 
sion, to  find  the  difference  between  the  standard  and  selected  heads  in 
millimeters,  multiply  this  number  by  the  coefficient  for  that  dimension 
and  the  result  is  the  number  of  degrees  on  the  quadrant  which  must 
be  added  to  or  deducted  from  40,  as  the  selected  head  is  greater  or 
less  than  the  standard.  It  may  appear  from  this  description  that  it 
would  be  quicker  and  simpler  to  measure  the  grating  than  to  make 
the  calculation  required  to  set  the  scale ;  in  practice  it  is  not  eo^  the 
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difference  between  corresponding  dimensions  is  rarely  more  than  2  or 
3  mm.  and,  with  a  table  of  coefficients,  the  correction  is  made  at  sight; 
even  without  the  table  the  calculation  is  a  very  simple  one.  Since  at 
40^  the  divisions  of  the  grating  represent  millimeters,  for  a  given 
dimension  a  millimeter  has  the  same  proportion  to  a  degree  on  the 
scale,  as  the  number  of  divisions  in  the  dimension  has  to  40.  Stated 
as  a  proportion  sum,  the  number  of  divisions  in  a  dimension :  40 : : 
number  of  mm. :  number  of  degrees  on  the  scale.  If  desired,  this  can 
be  read  off  on  the  mechanical  calculator  (Chapter  VII,  PL  XXXVI). 
If  40,  which  represents  millimeters  on  one  of  the  scales  of  the  calcula- 
tor, is  made  to  coincide  with  the  number  of  divisions  on  the  other,  any 
number  representing  millimeters  on  the  same  scale  as  40  will  coincide 
with  a  number  that  represents  degrees  of  the  quadrant  on  the  other 
scale.  A  table  of  dimensions  of  the  cranium  of  the  cat  and  rhesus 
monkey  with  their  coefficients  is  given  here. 


DimMMiOB  Ooefleimt 

16  mm 2.6 

18  mm 2.2 

20  mm. 2.0 

22  mm. 1.8 

24  mm. 1.6 

26  mm 1.6 

28  mm. 1.4 

80  mm 1.3 

82  mm 1.2 

34  mm.' 


36 
88  mm. 
40  mm. 
42  mm. 
44  mm. 
46nmi. 
48  mm. 
60  mm. 
62  mm. 
64  mm. 
66  mm. 


:}• 


.1.1 


.1.1 


Rule  for  Betting  Oratingi  5y  Quadrant  Bcate,-- 
Set  the  scale  at  40^.  In  the  srlven  dimension 
find  the  difference  between  the  standard  and 
selected  heads  in  millimeters.  Multiply  the 
number  of  millimeters  by  the  coefficient  for 
that  dimension;  the  result  is  the  number  of 
degrees  which  must  be  added  to  40,  or  deducted 
from  it»  as  the  dimension  of  the  selected  head 
is  greater  or  less  than  the  standard. 


.8 


.7 
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CHAPTER  VII 

lUTrSTBATED  DESCBIPTIONS  OF  INSTKXmEHTS  (CONCLTJBED) 

Hechanioal  Calculator  (PL  XXZVI);  Stereotazio  Instnunent  for 

Spinal  Cord  (Pis.  XZXVII,  XXXVm,  XZZIZ) ; 

Operative  Procedure 

Mechanical  Calculator  (Pl.  XXXVI) 

The  simplest  and  cheapest  form  of  stereotaxic  instnunent  that  can 
be  made  is  probably  a  rectilinear  machine  constructed  on  the  same  lines 
as  that  described  here,  engraved  with  millimeter  scales  which  are 
employed  for  the  measurement  of  all  movements.  These  scales  require 
correction  for  size^  possibly  in  three  dimensions^  and  it  is  irksome  and 
unsatisfactory  to  make  repeated  calculations,  however  simple,  in  the 
course  of  an  operation,  especially  when  a  large  number  of  observations 
are  recorded,  as  in  stimulation  experiments.  In  order  to  avoid  this, 
the  extensible  scales  of  different  forms,  already  described,  have  been 
introduced.  Another  method  is  to  use  millimeter  scales  and  correct 
them  with  a  mechanical  calculator;  this  will  not  prove  so  convenient 
as  the  adjustable  gratings,  but  it  is  inexpensive  and,  where  economy  is 
of  importance,  its  advantages  and  drawbacks  are  worth  consideration. 
There  are  several  forms  of  such  calculators;  the  slide  rule  is  the  most 
familiar  and  perhaps  the  most  complete,  but  it  cannot  be  set  quickly 
nor  read  conveniently  while  operating.  A  much  better  one  for  our 
purpose  is  the  quadrant  calculator  (PI.  XXXVII).  It  was  shown  me 
by  Mr.  Vellacott  and  can  be  made,  if  desired,  by  anyone,  with  a 
sheet  of  cardboard;  it  can  be  set  much  more  rapidly  than  a  dide  rule 
and  placed  where  the  operator  can  read  it,  without  moving  or  inter- 
fering with  his  work.  It  consists  of  two  scales ;  One,  made  of  celluloid 
or  cardboard,  of  quadrant  form  (1),  is  ruled,  parallel  to  the  vertical 
side  of  the  quadrant,  with  equidistant  lines  dividing  it  into  100^. 
As  the  gratings  of  the  indicator  are  set  by  quadrant  scales,  to  avoid 
any  confusion  it  will  be  convenient  to  call  this  scale  the  table  or  con- 
stant scale.  The  other  scale  is  formed  by  a  sector  (2),  pivoted  to 
the  comer  of  the  quadrant  and  graduated  with  somewhat  larger  divi- 
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sions.  In  the  pattern  shown  here,  the  divisions,  compared  with  those 
of  the  table,  are  in  the  proportion  of  5 :  4,  but  this  is  not  essential  and 
for  our  purpose  the  divisions  might  be  the  same  in  both  scales.  By 
inclining  the  sector,  its  highest  number — 80  in  this  case — can  be  made 
to  coincide  with  any  d^ree  on  the  table  from  1  to  100,  and  any  lower 
number  on  the  sector  can  be  made  to  coincide  with  any  degree  on  the 
table  below  that  with  which  it  coincides  when  it  is  horizontal,  ♦.  e,,  at 
its  full  length.  The  sector,  therefore,  is  an  elastic  scale,  measuring 
lOO*'  of  the  table  when  extended  (horizontal),  but  shortened  by  inclina- 
tion, if  desired,  till  it  measures  only  1^;  but  whether  it  reaches  1^ 
or  100  *',  it  divides  that  distance  into  80  equal  parts.  Of  course,  this 
also  applies  to  any  number  on  the  sector  below  80  and  since  the  divi- 
sions, though  different  in  the  two  scales,  are  uniform  in  both  and  those 
on  the  sector  are  all  affected  equally  by  any  inclination,  the  propor- 
tion of  numbers  which  coincide  throughout  the  scales  is  always  con- 
stant. Thus,  if  80  on  the  sector  coincides  with  60  on  the  table,  40 
coincides  with  30,  20  with  15,  10  with  7.5,  etc. 

It  will  be  evident  that,  within  the  limits  of  the  scales,  the  solution 
of  any  proportion  sum,  or  vulgar  fraction,  can  be  read  off  at  sight. 
For  as  any  number  on  the  sector  is  to  the  number  with  which  it  coin- 
cides on  the  table,  so  is  any  other  number  on  the  sector  to  the  number 
witii  which  it  coincides. 

As  regards  fractions,  suppose  we  want  37/79  of  83.  Find  83,  the 
whole  number,  on  the  table  and  make  the  denominator  79  on  the  sector 
coincide  with  it.  Every  division  of  the  sector  is  now  1/79  of  83,  the 
number  37  on  the  sector  represents  37  of  these  parts  and  it  coincides 
with  38.8  on  the  table,  which  is  the  answer. 

Put  in  the  form  of  a  rule,  it  may  be  stated  as  follows : 

Find  the  whole  number  on  the  table  and  the  numerator  and  denomi- 
nator of  the  fraction  on  the  sector.  Make  the  denominator  coincide 
with  the  whole  number  on  the  table,  then  the  number  the  numerator 
coincides  with  is  the  required  fraction. 

The  application  of  this  device  to  such  purposes  as  correcting  the 
millimeter  scales  of  the  instrument  for  heads  of  different  sizes,  or  find- 
ing the  number  of  degrees  on  the  quadrant  scales  of  the  indicator, 
equivalent  to  millimeters,  representing  the  difference  between  cor- 
responding dimensions  in  various  heads,  will  be  recognized  in  the  fol- 
lowing examples : 


Digitized  by 


Google 


Investigation  of  the  Central  Nervous  System  119 

An  operator  is  using  the  rectilinear  instrument  with  millimeter 
scales.  He  finds  that  in  the  selected  animal,  a  rhesus  monkey,  the 
prefrontal  longitudinal  measurement  is  53  mm. ;  in  the  standard  it  is 
50  nmi.  He  finds,  by  the  chart,  that  the  point  to  which  he  wants  to 
direct  the  needle  is  23  nmi.  in  front  of  the  interaural  line  in  the 
standard.  How  many  millimeters  does  that  represent  in  this  animal? 
Obviously,  the  number  has  the  same  ratio  to  23  as  53  in  his  animal 
has  to  50  in  the  standard.  If  he  makes  50  on  the  sector  coincide  with 
53  on  the  table,  23  coincides  with  24.3  and  he  racks  the  needle  on  the 
longitudinal  scale  to  24.3  mm.  In  a  stimulation  experiment  it  may 
be  necessary  to  measure  a  number  of  points  in  the  longitudinal  dimen- 
sion. The  sector  having  been  set  at  50 — 53,  the  correction  of  any 
further  numbers  in  that  dimension  can  be  read  off  without  altering 
the  calculator. 

For  setting  the  gratings  of  the  indicator,  it  has  been  explained  (Chap- 
ter VI)  that  this  can  be  done  quite  quickly  by  direct  measurement,  and 
still  more  conveniently  by  using  quadrant  scales,  in  which  case,  as 
the  difference  between  two  corresponding  dimensions  is  expressed  in 
millimeters,  these  are  converted  into  degrees  of  the  quadrant  scale 
by  multiplying  them  by  the  coeflScient  for  the  dimension.  A  table  of 
such  coefficients  is  given.  In  the  absence  of  such  a  table  the  calcula- 
tion is  a  very  simple  one,  but  it  may  save  trouble  to  use  the  calculator. 
It  is  applied  as  follows : 

It  has  been  explained  that  each  dimension  of  the  cranium  of  either 
monkey  or  cat  always  has  the  same  number  of  divisions,  whether 
millimeters  or  coordinates.  They  are  represented,  therefore,  in  a 
grating,  by  a  constant  number  of  divisions,  which  are  millimeters  in 
the  standard  animal  and  may  be  more  or  less  in  others.  Adjustment 
of  1**  of  the  quadrant  scale  varies  every  division  of  the  grating  1/40 
mm.  So,  a  dimension  represented  by  40  divisions  will  be  varied  1  mm. ; 
one  of  20  divisions,  .5  mm.  and  one  of  10,  .25  mm.  In  other  words, 
with  a  dimension  of  40  divisions,  I*'  of  the  quadrant  is  equivalent  to 
1  mm.,  and  if  the  dimension  has  more  or  less  than  40  divisions,  a 
degree  will  be  equivalent  to  more  or  less  than  1  mm.,  in  the  ratio  of 
the  number  of  divisions  to  40.  Suppose  that  we  want  to  know  how 
many  degrees  of  the  quadrant  will  alter  a  given  dimension  a  given 
number  of  millimeters.  Stated  as  a  proportion  sum.  As  the  number 
of  divisions  of  a  given  dimension : 40 :: the  number  of  millimeters: 
the  number  of  degrees.    The  figures  are  usually  so  small  that  to  state 
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the  questioii  in  that  form  is  to  answer  it,  but,  if  preferred,  it  can  be 
read  off  on  the  calculator.  Find  the  number  of  divisions  of  the  given 
dimension  on  the  sector  and  bring  it  to  40  on  the  table,  then  the  num- 
ber of  millimeters  on  the  sector  will  coincide  with  the  number  of 
degrees  on  the  table.  Of  course,  if  it  is  more  convenient  to  make  the 
number  of  divisions  of  the  dimension  on  the  table  coincide  with  40  on 
the  sector,  the  number  of  millimeters  on  the  table  will  coincide  with 
the  equivalent  degrees  on  the  sector.  A  very  little  practice  with  the 
calculator  makes  the  use  of  it  for  such  purposes  perfectly  simple.  The 
equivalent  number  of  degrees  must  be  added  to  or  deducted  from  40, 
and  the  quadrant  scale  set  at  the  resulting  figure. 

A  cheap  and  simple  form  of  indicator  has  been  described  (Chap- 
ter VI),  in  which  a  card  ruled  with  square  millimeters  is  substituted 
for  the  adjustable  gratings.  It  has  the  disadvantage  of  all  fixed  scales 
that  it  has  no  provision  for  corrections  for  size,  which  must  be  made 
by  calculations  or  other  means;  the  calculator  serves  this  purpose, 
applied  as  described  for  correcting  the  millimeter  scales  engraved  on 
the  rectilinear  instrument. 

The  calculations  required  to  make  the  corrections  which  have  been 
discussed  are  so  simple  that  the  reader  may  consider  there  is  no  need 
for  any  of  the  devices  suggested;  nevertheless,  in  practice,  he  may 
come  to  a  different  conclusion;  it  is  not  the  trouble  of  making  trifling 
calculations,  which  is  little  enough,  but  it  distracts  attention  from 
important  matters.  In  an  excitation  experiment  on  the  brain  a  stimu- 
lus may  give  rise  to  a  complex  of  muscular  contractions,  which  may 
occur  simultaneously  in  various  parts  of  the  body  and  only  last  a 
moment  It  may  be  impossible  for  one  observer  to  follow  them  all, 
but  practice,  by  concentrating  his  attention,  and  the  knowledge  of 
what  to  look  for,  enable  the  trained  observer  to  recognize  a  good  many 
simultaneous  movements.  He  must  analyze,  formulate  and  record 
them  quickly  and  everything  must  wait  till  he  has  entered  them  in  his 
notes.  It  is  easy  to  record  details  like  the  time  from  a  clock,  or  the 
date  from  a  calendar,  more  or  less  mechanicaUy,  but  even  a  simple 
calculation  distracts  attention  and  breaks  the  train  of  thought.  Auto- 
matic correction  is  the  best,  calculation  the  most  objectionable.  A 
mechanical  calculator  is  a  compromise  which,  without  securing  all  the 
advantages  of  the  first,  avoids  some  defects  of  the  second. 
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Stebeotaxio  Instrument  fob  Spinal  Cord  (Pls.  XXXVII, 
XXXVIII,  XXXIX) 

A  stereotaxic  instrument  for  introducing  insulated  needles  for  elec- 
trolysis, or  stimulaiion  of  small  areas  or  tracts  in  the  spinal  cord. 

These  plates  illustrate  an  instrument  for  applying  the  principles, 
which  have  been  explained,  to  the  spinal  cord,  on  lines  which  are 
essentially  similar  to  those  adopted  for  the  brain.  The  instrument 
consists  of  a  cradle  (1),  with  four  legs  terminating  in  rather  blunt 
points  which  are  curved  inwards.  The  legs  are  moved  on  pivots  toward 
the  middle  line  by  levers  (2,  3,  4,  6)  fixed  with  rack  and  pinion.  By 
these  four  grips,  the  cradle  can  be  quickly  and  firmly  attached  to  the 
vertebrae.  The  cradle  supports  a  travelling  stage  (10),  parallel  to 
the  surface  of  the  cord,  which  carries  a  needle-holder,  and  there  are 
two  graduated  movements  in  the  plane  of  the  stage  and  one  perpen- 
dicular to  it,  by  which  the  needle  is  directed  to  any  required  point. 
The  topographical  method  employed  is  also  somewhat  similar  to  that 
described  for  the  brain.  The  objective  point  is  localized  in  a  transverse 
section  of  the  cord,  perpendicular  to  the  stage  and  parallel  to  the 
needle,  or  in  a  chart  of  the  section  photographed  to  scale.  This  trans- 
verse section  may  be  regarded  as  a  lamella  and  the  needle  is  brought 
opposite  to  the  edge  of  it  by  the  longitudinal  movement  of  the  stage 
parallel  to  the  spine.  The  needle  is  then  directed  to  the  objective  by 
two  movements:  (a)  The  transverse  movement  of  the  stage  and 
(b)  the  extension  of  the  needle  in  its  sheath  (23).  The  objective 
point  is  identified  by  millimeter  measurement  from  two  zero  lines,  one 
of  which  corresponds  to  the  longitudinal  division  of  the  cord,  connect- 
ing the  anterior  and  posterior  median  fissures.  Assuming  the  prone 
position  of  the  animal,  the  spine  horizontal  with  its  dorsal  aspect  upper- 
most, this  is  called  the  vertical  line,  the  other  perpendicular  to  this, 
like  the  crossed  line  of  the  letter  T,  rests  on  the  surface  of  the  pos- 
terior colunms.  The  lateral  distance  of  the  needle  from  the  first  or 
vertical  line  is  measured  by  the  horizontal  scale  and  adjustable  index 
on  the  back  of  the  sheath,  which  records  the  lateral  movement  of 
the  needle  from  a  zero,  set  to  correspond  to  the  posterior  median  fissure. 

Balance  Gauge. — ^The  depth  or  distance  of  the  needle  from  the 
second  or  horizontal  line  is  given  by  a  scale  (19)  and  adjustable  index 
on  the  bed  (14)  which  record  the  extension  of  the  needle  from  a  zero, 
set  to  correspond  with  the  surface  of  the  posterior  colunms,  when  the 
ptop  and  point  of  the  needle  are  just  in  contact  with  them. 
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It  is  evident  that  the  vertical  or  extension  movement  of  the  needle 
must  be  parallel  to  the  first  or  vertical  zero  line,  and  as  we  cannot 
depend  on  fixing  the  cradle  so  accurately  as  to  secure  this,  it  is  pro- 
vided for  by  the  balance  gauge  (9)  which  fits  the  sheath  (23)  of 
the  needle-holder.  This  consists  of  two  vertical  parallel  rods  carried 
on  a  brass  plate,  from  the  front  of  which  project  two  small  transverse 
shelves,  both  perforated  with  holes  for  the  two  rods,  which  move  freely 
in  them  in  a  direction  perpendicular  to  the  stage  and  the  surface  of 
the  posterior  columns.  The  lower  extremities  of  the  rods,  2  or  3  nmi. 
apart,  rest  on  the  posterior  colunms  of  the  cord ;  their  upper  extremi- 
ties terminate  in  small  cross-plates;  and  when  these  two  cross-plates 
are  level,  the  rods  are  perpendicular  to  a  line  connecting  their  lower 
ends,  which  are  resting  on  the  posterior  columns;  i.  e.,  the  second,  or 
horizontal,  zero  line.  In  order  that  this  position  may  be  secured  and 
maintained  for  any  movement,  with  any  needle,  the  sheath  (23)  is 
pivoted  and  swings  on  a  quadrant  (8)  and  can  be  fixed  at  any  point 
by  a  screw  (not  seen  in  the  illustration).  The  front  of  the  plate  is 
ruled  with  horizontal  lines,  which  show  when  the  T-pieces  on  the  tops  of 
the  rods  are  in  line. 

Direction  of  Needles. — In  practice,  when  the  carrier  has  been  brought 
to  the  required  section  or  lamella,  by  the  longitudinal  movement  of 
the  stage  effected  by  the  screw  (12),  the  balance  gauge  is  introduced 
and  adjusted  by  the  transverse  movement  till  the  ends  of  the  rods 
rest  on  the  posterior  colunms  of  the  cord.  The  T-pieces  are  brought 
into  line  by  adjustment  of  the  sheath  in  the  quadrant  and  the  latter 
fixed  with  the  screw.  The  gauge  is  now  removed  and  the  pilot  needle, 
being  introduced,  will  be  perpendicular  to  the  transverse  zero  line 
and,  of  course,  parallel  to  the  vertical  one.  A  preliminary  puncture 
of  the  membranes  and  cord  is  made  by  the  pilot  needle  (11)^  which 
is  then  removed  and  the  insulated  needle  introduced  in  its  place.  The 
point  of  the  insulated  needle  is  made  level  with  the  surface  of  the  stop 
(21),  the  needle-holder  is  pushed  down  in  the  sheath  till  the  stop  is 
in  contact  with  the  surface  of  the  posterior  colunms  of  the  cord,  and 
the  adjustable  index  (20)  is  set  at  zero  on  the  scale  (19)  of  the  bed. 
The  needle  is  then  projected  by  means  of  the  screw  (22)  to  the  correct 
depth  from  the  horizontal  zero  line  shown  by  the  scale  (19)  on  the 
bed  (18). 

Suggested  Improvement. — There  are  one  or  two  defects  in  this 
instrument  which  must  be  corrected  as  soon  as  possible.    The  principal 
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one  is  that  it  is  necessary  to  expose  the  vertebrsB  for  about  5  cm.  to 
fix  the  cradle  by  these  grips.  This  involves  a  fairly  large  wound,  so 
that,  in  its  present  state,  the  instrument  is  not  applicable  to  animals 
which  are  allowed  to  survive  the  anaesthetic  and  should  not  be  employed 
for  degeneration  experiments.  But  it  seems  practicable  to  substitute 
needle  grips  for  those  now  employed.  They  will  puncture  the  skin 
and  hold  the  cradle  suflSciently  firmly  to  the  spine,  without  exposing 
it  beyond  the  smallest  median  incision  suflScient  to  give  access  to  the 
very  limited  area  required. 

As  the  travelling  stage,  with  the  electrolytic  and  other  needles,  can 
be  fitted  to  any  cradle,  the  alteration  required  will  be  very  slight  and 
will  not  affect  the  rest  of  the  instrument. 

It  is  probable  that  for  the  small  but  deep  wound  required  to  reach 
the  cord,  some  special  retractors  or  specula  may  be  necessary.  To 
divide  the  laminsB  of  one  vertebra  which  should  be  suflBcient,  a  small 
trephine  or  fine  bone  forceps  with  long  points  will  be  most  suitable; 
and  as  it  is  not  very  easy  to  define  the  posterior  median  fissure  with- 
out dividing  the  membranes,  which  is  undesirable,  a  pair  of  fine,  curved 
blades  will  be  fitted  on  to  a  pair  of  forceps  or  calipers  attached  to  the 
stage.  They  will  be  introduced  on  both  sides  of  the  cord  and  support 
it  with  very  light  contact.  The  lateral  movements  of  the  needle  will 
be  directed  by  a  small  gauge,  extending  across  the  cord  from  one 
blade  to  the  other.  The  details  of  this  procedure  have  yet  to  be 
worked  out. 

The  adaptation  of  these  needle  grips  for  securing  the  cradle  and 
facilitating  the  introduction  of  the  electrolytic  needle  to  the  spinal 
cord  through  a  small  wound  should  not  present  any  serious  difficulty ; 
but  it  is  an  object  of  real  importance,  because  the  infliction  of  a 
relatively  large  incision  is  at  present  the  only  obstacle  to  a  very  precise 
application  of  the  degeneration  method  to  the  cord  and  the  develop- 
ment of  a  promising  field  of  anatomical  investigation.  In  other 
respects,  the  requirements  of  this  method  are  amply  provided  for; 
there  is  no  reasonable  limit  to  the  fineness  of  the  electrolytic  needles 
and  precisely  circumscribed,  pin-point  lesions  can  be  produced  any- 
where. The  restricted  field  involved  and  limited  range  of  the  needle 
are  very  favorable  to  accuracy.  With  a  little  practice,  by  making  a 
series  of  from  12  to  20  separate  experiments  applied  to  one  small  area 
and  finally  determining  the  exact  locality  of  the  lesions  in  sections. 
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with  the  microscope,  there  is  no  tract  too  small  to  be  precisely  dif- 
ferentiated and  its  course  completely  traced. 

Operative  Procs)ubb 
Sterilixation  of  Instrument. — In  perfommg  operations  with  the 
stereotaxic  instrument  there  are  several  details,  such  as  the  introduc- 
tion of  the  ear  cones  and  treatment  of  the  ears,  the  measurement 
of  the  cat's  head,  order  of  procedure,  etc.,  which  will  be  new  to  all  or 
the  majority  of  my  readers  and  must  be  explained.  Some  of  them 
have  been  mentioned  in  the  description  of  the  parts  of  the  instrument 
with  which  they  are  associated,  but  presented  in  a  rather  disjointed 
form  which  an  intending  operator  would  have  to  pick  out  Hence  it 
may  be  useful  to  bring  them  together  in  a  connected  account  of  the 
steps  of  an  operation.  This  account  is  specially  applicable  to  the 
cat,  but  the  procedure  is  generally  very  similar  in  other  animals; 
peculiarities,  like  certain  measurements  of  the  head,  and  introduction 
of  the  ear  cones,  so  far  as  they  are  exceptional,  require  special  adapta- 
tions in  the  cat.  If  an  aseptic  operation  is  required,  the  first  point  is 
the  sterilization  of  the  instruments.  The  stereotaxic  instrument  will 
not  bear  frequent  boiling,  nor  is  this  necessary ;  except  at  a  few  points, 
it  is  never  in  contact  with  the  head,  though  it  affords  valuable  protec- 
tion to  the  wound,  which  is  usually  so  small  and  requires  so  little 
manipulation  that  it  ought  never  to  be  contaminated.  The  whole 
instrument  should  be  carefully  cleaned  after  use,  washed  with  boiling 
water,  dried  with  a  soft  cloth  which  has  been  boiled  and  dried  in 
an  oven,  and  placed  in  a  bath,  large  enough  to  cover  it,  of  strong 
alcohol,  in  a  vessel  provided  with  a  well-fitted  ground-glass  cover. 
Parts  that  come  in  contact  with  the  head,  such  as  the  mask,  ear  cones, 
guides,  grips  of  the  lateral  screw  clamps,  trephines  and  forceps  and 
also  the  pilot  and  other  steel  needles,  should  always  be  very  carefully 
cleaned  and  boiled  before  they  are  put  in  the  spirit  bath.  The  ivory 
bed  of  the  needle  should  be  removed  from  the  inner  sheath ;  the  latter 
terminates  in  the  stop  which  may  touch  the  wound;  this  part  can 
be  held  in  boiling  water  for  a  short  time  before  the  whole  sheath  is 
placed  in  spirit.  The  extensible  and  ivory  scales  and  ivory  bed  of 
the  needle  cannot  be  kept  in  alcohol,  but  they  should  never  come  in 
contact  with  the  head  of  the  animal  nor  the  hands  of  the  operator 
when  they  are  in  position.  They  may  be  cleaned  with  a  boiled  rag 
dipped  in  10  per  cent  formaldehyde  and  then  in  boiled  water.    Plati- 
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nam  and  glass  needles  are  best  sterilized  in  pure  nitric  acid  and  then 
boiled  water. 

Preparation  of  Animal. — Gats  which  are  to  be  operated  on  asepti- 
cally  should  always  be  prepared,  if  possible,  a  few  days  before  the 
operation,  their  heads  shaved  and  measured  and  the  ears  thoroughly 
cleaned  under  an  anaesthetic.  These  preparations  take  longer  than  the 
operation;  the  animal  must  be  fully  anaesthetized  the  whole  time,  and 
it  is  inviting  gratuitous  disadvantages  to  add  the  depression  of  pro- 
longed anaesthesia  to  that  incurred  by  the  operation  itself.  If  the  pre- 
liminaries have  been  carried  out  previously,  the  instrument  made  ready 
and  the  extensible  scales  adjusted,  as  soon  as  the  animal  is  anaesthetized 
the  ears  can  be  quickly  washed  again  (or  this  may  be  omitted),  the 
skin,  where  it  has  been  shaved,  washed  witii  spirit  and  painted  with 
tincture  of  iodine,  the  ear  cones  introduced,  the  instrument  applied, 
and  the  operation  quickly  completed.  It  is  impossible  to  exaggerate 
the  importance  of  reducing  the  shock  of  the  operation  by  every  means 
in  our  power.  This  is  desirable  on  various  grounds,  not  the  least  of 
them  being  that  compensation  so  quickly  masks  the  disabilities  pro- 
duced by  a  small  lesion,  that  rapid  recovery,  permitting  early  exami- 
nation, may  afford  information  of  the  greatest  value  which  would 
otherwise  be  overlooked. 

Treatment  of  the  Ears. — ^The  ears  need  careful  treatment  and 
should  be  attended  to  some  days  before  an  operation.  It  Is  impossible 
to  sterilize  a  caf  s  meatus  efficiently,  and  as  the  introduction  of  the 
ear  cones  requires  some  manipulation,  unless  care  is  exercised  there 
is  a  risk  of  septic  infection.  The  ears  should  be  thoroughly  washed 
out  with  hot  water  and  soap  applied  with  a  very  soft  shaving  brush. 
The  skin  is  thin  and  may  be  excoriated  if  a  stiff  brush  is  used.  After 
the  soap  has  been  washed  away,  the  cavity,  especially  the  deep  parts, 
should  be  dried  with  absorbent  cotton  and  then  painted  with  an  anti- 
septic ointment  Equal  parts  of  boric  acid  and  oxide  of  zinc,  mixed 
to  the  consistency  of  thick  cream,  with  olive  oil,  glycerine  and  water, 
with  the  addition  of  1  per  cent  of  lysol,  serve  the  purpose. 

Application  of  Hask.— The  mask  (PL  II)  is  first  fitted  on.  The 
orbital  brackets  (9)  are  made  to  correspond  to  the  centers  of  the  orbits, 
over  the  lower  margins  of  which  they  are  hooked.  The  bit  (8)  is 
inserted  in  the  mouth  behind  the  upper  canine  teeth.  The  screws  (16) 
are  passed  through  the  slots  and  secured  moderately  firmly  by  the  split 
nuts  (11). 
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Introdnotion  of  Cones  in  Cats. — The  auditory  meatoB  in  cats,  especi- 
ally in  old  ones,  where  it  is  deeply  sunk  between  the  mastoid  process  and 
masseter  muscle,  is  not  very  accessible.  The  pinna  forms  a  deep  funnel 
tapering  to  quite  a  small  apex  and  the  opening  of  the  meatus  is  not 
exactly  at  the  point,  but  joins  it  rather  obliquely,  the  folds  are  irregular 
and  the  orifice  is  further  concealed  by  cartilaginous  lips,  so  that  it  is 
merely  a  slit  which  may  be  invaginated  by  the  blunt  point  of  the  ear 
cone.  Moreover,  as  the  outer  part  of  the  meatus  is  composed  of  cartilage 
and  loose  fibrous  tissue,  if  the  cone  is  not  introduced  in  the  axis  of  the 
bony  canal  it  may  miss  it  and  lodge  in  the  tissues,  although  it  has  entered 
the  orifice.  The  easiest  plan  is  to  split  the  funnel  by  cutting  the 
anterior  inferior  aspect  of  the  pinna  down  to  the  apex ;  this  exposes  the 
orifice  of  the  meatus  and  makes  it  easy  to  insert  the  cone;  but  it  is  an 
objectionable  proceeding  if  the  animal  is  to  survive,  because  it  leaves 
an  open  wound  which  may  bleed  freely  and  is  liable  to  septic  infection. 
The  necessity,  however,  can  be  avoided  with  a  little  trouble.  It  is 
sometimes  advisable  to  use  a  guide  like  that  shown  in  the  illustration 
( PL  1, 1) .  The  guide  is  a  small  steel  bar  3  mm.  wide  fixed  at  an  angle 
with  the  handle  and  is  passed  into  the  meatus  with  or  without  the 
aid  of  a  speculum  (PI.  I,  111). 

Speculum  and  Guides. — It  is  easy  to  introduce  the  guide  without 
the  speculum,  but  groping  is  objectionable  on  account  of  sepsis  and 
it  is  difficult  to  make  sure  that  the  guide  is  in  the  meatus  unless  it 
penetrates  to  the  fundus,  which  involves  perforating  the  membrana 
tympani.  This  is  not  of  very  much  consequence,  but  it  is  preferable 
to  avoid  it,  so  the  best  plan  is  to  expose  the  orifice  with  the  speculum, 
pass  the  guide  a  few  millimeters  into  the  canal  and,  holding  it  there, 
withdraw  the  speculum.  Keeping  the  guide  in  position,  another  handle 
terminating  in  a  round  probe  is  used  to  introduce  the  cone ;  the  probe 
is  inserted  into  the  lumen  of  the  cone  and  projects  2  or  3  mm.  beyond 
its  point.  There  is  a  slot  in  the  disc  which  is  slipped  over  the  heel 
of  the  guide  and,  when  fitted  on,  the  point  of  the  cone  hugs  the  guide, 
slides  easily  down  it,  and  must  enter  the  meatus;  as  it  is  pushed  home 
the  guide  is  gently  withdrawn.  The  cone  is  held  in  the  meatus  by 
the  probe  until  the  clasp  (PI.  Ill,  20)  is  applied  and  it  holds  the  cone 
securely  in  its  place  till  the  head  is  in  the  frame,  when  it  is  removed. 

The  funnel-shaped  pinna  in  its  natural  position  is  more  or  less 
flattened  or  telescoped  and  thrown  into  folds.    To  expose  the  orifice 
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of  the  meatois  as  much  as  possible  these  folds  should  be  straightened 
by  drawing  the  pinna  directly  outwards. 

The  method  described  with  the  guide  is  the  most  certain  way  of 
introducing  a  cone  and  it  is  advisable  to  have  the  guide  at  hand  and 
to  know  how  to  use  it  in  case  of  exceptional  difficulty,  but  it  is  usually 
imnecessary.  If  the  pinna  is  drawn  outwards,  as  advised,  and  the 
cone  is  introduced  on  the  probe,  the  opening  will  be  foimd  in  most 
cases  without  difficulty.  If  it  gives  any  trouble,  the  best  plan  is  to 
expose  the  orifice  with  the  speculum  and  then  pass  the  probe  and 
cone  as  the  speculum  is  withdrawn.  The  apex  of  the  funnel  of  the 
auricle  is  so  narrow  that  there  is  not  often  room  for  both  cone  and 
speculum  together.  The  advantage  of  the  guide  is  that  it  can  be 
introduced  by  sight  while  the  speculum  is  in  position  and  exposing  the 
orifice  of  the  meatus. 

Anatomy  of  Meatus  in  Cats. — Questions  may  naturally  occur  as 
to  the  effect  of  these  manipulations  on  the  internal  ear  and  membrana 
tympani  and,  to  answer  them,  it  is  necessary  to  enter  into  a  brief 
explanation  of  the  anatomy  of  the  parts  in  the  cat.  The  direction  of 
the  meatus  is  nearly  transverse,  but  the  axes  of  the  two  tracts  con- 
verge to  a  point  slightly  in  front  of  the  interaural  line.  The  canal 
terminates  in  the  huge  bony  air  cell,  seen  in  many  sections  in  the 
atlas,  which  has  been  described  as  the  bulla  ossea.  In  shape  it  is 
something  like  a  hip-bath,  deeper  behind  than  in  front,  with  the 
edges  bent  over  to  form  a  roimded  rim,  projecting  above  the  level 
of  the  membrane,  which  is  attached  to  the  edge  and  stretching  across 
the  oblique  opening  extends  downwards,  forwards  and  inwards,  at 
an  angle  of  about  45  "*  with  the  interaural  line.  The  posterior  margin 
of  the  membrane  extends  some  8  mm.  further  out  from  the  median 
line  than  its  anterior  insertion,  and  at  the  latter  point  the  cava 
tympani,  the  space  between  the  membrane  and  the  inner  wall  of 
the  bulla,  is  not  more  than  2  or  3  mm.  deep.  Near  the  posterior 
attachment  of  the  membrane,  where  the  roof  meets  the  posterior  wall 
of  the  meatus,  the  head  of  the  malleus  is  articulated  and  its  handle, 
which  is  exceptionally  long,  accompanies  the  membrane  almost  to 
its  anterior  insertion,  pointing  in  the  direction  of  a  lower  molar 
tooth  on  the  opposite  side.  The  labyrinth  is  above  and  behind  tiie 
head  of  the  malleus;  it  is  quite  out  of  reach  and  need  not  be  con- 
sidered. The  cones  are  not  long  enough  to  reach  the  membrane  and 
if  they  were  it  would  be  difficult  for  them  to  perforate  it  owing  to 
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its  obliquity.  If  the  guide  is  made  to  penetrate  far  enough^  it  punc^ 
tures  the  membrane  in  the  anterior  inferior  quadrant  near  the  tip 
of  the  manubrium  and  is  immediately  brought  up  by  the  inner  wall 
of  the  bulla.  I  dissected  one  or  two  specimens  where  this  occurred, 
to  see  the  effect,  and  at  first  could  not  detect  the  puncture,  but 
found  there  was  a  valyular  opening  in  the  situation  indicated  through 
whiqh  the  guide  had  passed.  The  membrane  is  thin  and  not  very  vas- 
cular, the  slight  rent  could  make  very  little  difference  to  the  animal 
and  was  obviously  of  small  importance. 

A  more  serious  matter  is  the  practical  impossibility  of  sterilizing 
the  meatus  and  therefore  the  less  manipulation  there  is  in  it  the  better. 
It  is  desirable  to  introduce  the  guide  and  cones  without  groping  and 
a  beginner  should  practise  it  in  some  animals  which  are  to  be  destroyed 
while  still  ansesthetized,  before  attempting  it  on  one  which  is  to  be 
kept  alive. 

Application  of  Head  Instrument. — ^The  mask  having  been  fitted  on 
and  secured  moderately  firmly  with  the  screws  and  the  cones  intro- 
duced, the  next  step  is  the  application  of  the  head-^e  (PI.  V,  VI, 
VII),  which  is  suspended  by  four  springs  and  supported  on  a  stand. 
It  is  brought  directly  over  the  animal  and  lowered  till  the  head  can 
be  easily  raised  into  it.  While  an  assistant  steadies  the  frame,  the 
operator  lifts  the  head  from  below  and  slides  the  conical  extremities 
of  the  aural  pivots  (PI.  V,  26)  into  the  orifices  of  the  ear  cones,  mak- 
ing sure  that  they  are  well  home.  The  horizontal  arms  (14)  of  the 
mask  are  raised  till  they  are  in  contact  with  the  under  surface  of 
the  lateral  bars  of  the  frame  and  fixed  there  with  the  clamps  (PI.  VI, 
46)  provided  for  that  purpose.  These  clamps  must  be  fixed  at  the 
same  distance  from  the  pivots,  t.  e.,  the  interaural  line,  the  lateral 
bars  (22)  of  the  frame  being  graduated  with  this  object.  It  will  be 
seen  at  this  stage  that  the  basal  zero  plane  of  the  cranium  coincides 
with  the  upper  surface  of  the  head-vice.  The  occipital  bar  (PI.  VI, 
24)  is  brought  forwards  till  it  is  in  contact  with  the  occiput  and 
clamped,  at  the  same  distance  from  the  interaural  line,  on  both  sides. 
The  cranium  is  then  centered  with  the  four  screw  clamps  (PI.  VI, 
27-30)  and  the  aural  pivots  (25),  which  are  all  graduated  and  can 
be  easily  read  from  the  same  point  in  front.  The  screw  clamps  should 
be  slipped  up  as  far  as  they  will  go,  followed  by  the  screw  nuts  (28-31) , 
and  a  turn  or  two  of  the  latter  will  secure  a  firm  grip  of  the  head. 
They  must  be  adjusted  to  exactly  the  same  reading  on  both  sides,  and 
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when  the  screw  clamps  and  aural  pivots  read  exactly  the  same  on  both 
sides^  the  sagittal  zero  plane  of  the  head  and  the  median  longitudinal 
plane  of  the  frame  must  coincide.  All  screws  must  now  be  fixed  and 
the  position  of  the  head  in  relation  to  the  frame  carefully  inspected. 
If  this  is  not  true,  there  must  be  some  error  in  the  application  which 
must  be  looked  for  and  corrected.  The  cage  (PI.  X)  is  next  dropped 
into  its  slots  (42,  43)  and  fixed  by  the  four  screws  (44,  45),  and  the 
cranium  is  then  measured  with  the  needle-gauge  (PI.  XXII)  from 
above,  from  both  sides  and  from  behind.  The  anterior  longitudinal 
dimension  of  the  cranium  in  the  cat  cannot  be  measured  directly 
without  opening  the  frontal  sinus,  but  we  may  estimate  it  approxi- 
mately by  the  posterior  margins  of  the  orbits  (Chapter  V).  One 
method  of  measuring  the  latter  is  with  screw  rods  (12,  13)  attached 
to  the  mask,  the  rods  terminating  in  clefts  which  engage  the  margins 
of  the  orbits.  This  method  is  shown  in  the  illustrations;  the  posterior 
margins  of  the  orbits  can  also  be  measured  directly  with  a  gauge 
(PI.  XXXIV,  34),  which  is  preferable. 

Setting  Scales. — Having  measured  the  cranium  the  figures  are  com- 
pared with  those  of  the  standard  head.  When  they  are  identical,  or 
nearly  so,  millimeter  measurements  are  employed  for  that  dimension ; 
but  if  they  are  greater  or  less  than  the  standard  in  any  dimension,  the 
extensible  scale  (PI.  IX),  which  corresponds  to  it,  is  set  so  that  its 
divisions  measure  more  or  less  than  millimeters  in  the  same  propor- 
tions. The  scales,  having  been  set,  are  inserted  in  their  clamps  in 
the  travelling  stage  (PL  XIII,  84,  85)  and  the  needle-holder 
(PL  XIV,  112). 

Trayersing  Stage. — ^The  traversing  stage  (PL  XIII)  is  then  applied 
to  the  cage  in  the  position  required  for  introducing  the  needle,  having 
regard  to  the  point  to  be  reached,  and  the  direction  by  which  the  needle 
is  required  to  approach  it,  (Pis.  X,  XI,  XII).  The  traversing  stage 
is  fixed  to  the  cage  in  any  desired  position  by  means  of  steady  pins  and 
two  clamps  (PL  X,  90).  These  must  be  firmly  secured.  If  the 
pilot  needle  is  to  be  used  (PL  XVI,  1),  it  is  next  attached  and  by  the 
two  movements  of  the  traversing  stage  is  brought  directly  over  the 
objective  point  in  the  cranium,  the  stop  (97)  pushed  down  a  con- 
venient distance  and  the  needle  racked  through  the  stop  till  it  reaches 
the  bone,  which  has  been  exposed  by  a  small  incision  through  the 
integuments. 
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Pilot  Heedle. — ^The  point  of  the  pilot  needle  indicates  the  center 
of  the  trephine  hole  which  is  to  perforate  the  skull.  This  point  should 
be  marked  with  a  fine  drill  set  in  the  rectangular  handle  of  the  dental 
engine.  It  is  made  to  penetrate  a  short  distance  into  the  bone  exactly 
where  the  pilot  needle  touches  it.  Having  marked  this  spot,  the 
pilot  is  withdrawn  and  racked  out  of  the  way  by  the  traversing  stage, 
leaving  the  head  exposed  suflSciently  to  allow  the  application  of  the 
trephine.  The  trephine  is  fixed  to  the  dental  engine  and  the  small 
disc  of  bone  removed;  the  haemorrhage,  which  may  be  considerable 
for  the  size  of  the  wound,  is  checked.  Then  the  pilot  needle  is  brought 
back  to  the  original  position  and  racked  down  through  the  dura  till 
it  reaches  the  objective  point,  which  is  known  by  the  scale  and  index 
of  the  rectiUnear  needle  (PI.  XIV,  111,  112,  113). 

Setting  Bectilinear  Heedle. — ^When  these  have  been  set  and  the 
adjustable  index  (113)  on  the  bed  of  the  needle  reads  both  the  ivory 
and  extensible  scales  at  once,  they  are  required  to  show,  at  any  time, 
the  distance  of  tlie  point  of  the  needle  from  the  zero  plane  parallel 
to  the  stage  in  millimeters  and  in  coordinates.  To  secure  this  we 
must:  (1)  See  that  the  point  of  the  needle  is  exactly  level  with  the 
stop  (97) ;  (2)  slide  the  latter  down,  by  the  movement  of  the  inner 
in  the  outer  sheath,  to  the  point  required  close  to  the  dura  or  touch- 
ing it,  and  lock  the  holder  with  the  milled  head  (96) ;  (3)  read  the 
distance  of  the  stop  from  the  zero  plane,  with  the  scale  of  the  stop  and 
arrow  on  the  side  of  the  inner  sheath ;  the  point  of  the  needle  is  the 
same  distance  and  we  must,  therefore,  (4)  set  the  adjustable  index 
(113)  to  read  the  same  on  the  ivory  scale  (112);  (5)  see  that  the 
spiral,  which  is  to  represent  zero  in  the  spring  scale,  corresponds 
with  zero  in  the  ivory  scale.  Then  in  any  position  of  the  needle  point 
the  ivory  scale  (112)  will  show  how  many  millimeters  it  is  from  the 
zero  plane,  the  extensible  scale  (111)  how  many  coordinates  or  cor- 
rected millimeters.  We  know  from  the  chart  how  many  millimeters 
or  coordinates  the  objective  point  is  from  the  zero  plane ;  and  whether 
we  use  millimeters  or  coordinates  the  number  is  always  the  same. 
So  we  have  only  to  rack  the  needle  down  till  the  index  reaches  the 
same  number  on  the  scale  in  use,  and  the  point  of  the  needle  will 
have  arrived  at  the  objective.  The  pilot  needle  is  now  withdrawn 
and  for  interchanging  needles  it  is  advisable  to  remove  the  inner 
sheath  by  relaxing  the  milled  head  (96)  and  pulling  the  whole  sheath 
and  needle  out  by  it.    The  pilot  with  its  bed  is  removed  from  the 
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inner  sheath  and  the  electrolytic  or  other  form  of  needle  already 
mounted  on  its  own  bed  is  substituted  for  it,  the  point  of  this  needle 
must  also  be  made  to  coincide  with  the  surface  of  the  stop;  it  is  then 
introduced  again  into  the  outer  sheath,  pushed  down  till  the  stop  is 
in  the  previous  position,  which  must  be  verified  by  looking  at  the 
scale  on  the  inner  sheath,  and  locked.  If  the  position  of  the  stop  is 
altered  the  adjustable  index  must,  of  course,  be  altered  accordingly, 
and  the  operator  must  never  forget  to  see,  when  reading  the  scale 
on  the  inner  sheath  and  setting  the  adjustable  index,  that  the  needle 
and  stop  coincide  and  that  the  zeros  of  the  ivory  and  extensible  scales 
do  the  same. 

Inclined  Heedle. — This  procedure  applies  to  any  rectilinear  move- 
ment of  the  needle ;  if  the  needle  is  inclined,  the  method  of  measure- 
ment is  different.  The  objective  point  is  located  in  a  lamella  paral- 
lel to  the  plane  of  inclination  of  the  needle  and  perpendicular  to  the 
stage,  the  needle  is  brought  to  this  lamella  by  one  of  the  movements 
of  the  stage  which  may  be  called  its  first  movement  and  is  measured 
by  the  extensible  scale,  if  that  dimension  of  the  head  differs  from  the 
standard.  There  remain  the  second  movement  of  the  stage  and  the 
two  extension  movements  of  the  needle  in  its  sheaths,  to  bring  the 
point  to  the  objective.  The  measurement  of  these  movements  is 
ascertained  by  the  indicator  and  copied  in  the  instrument.  They 
comprise  the  angle  of  inclination,  length  of  needle  and  number  of 
millimeters  from  zero  of  the  scale  which  records  the  second  movement 
of  the  stage.  These  readings  are  always  in  millimeters,  because  the 
correction  for  size  in  both  dimensions  of  the  lamella  is  effected  by 
the  adjustable  grating  of  the  indicator  and,  therefore,  extensible  scales 
are  not  required.  The  adjustment  and  application  of  the  indicator 
having  been  fully  described  elsewhere  (Chapter  VI),  it  Is  enough  to 
say  here  that  the  grating  of  the  indicator  represents  the  lamella  and 
is  adjusted  to  correspond  with  its  variations  of  size;  the  objective 
point  is  located  in  it  by  measurement  from  zero  bars  which  represent 
the  two  zero  planes  and  are  used  for  the  same  purpose.  A  frame, 
carrying  a  finder  needle  and  graduated  quadrant,  exactly  reproduces 
the  needle  and  its  movements  in  the  instrument,  with  the  advantage 
that  it  can  be  directed  by  sight.  The  finder  needle  is  set  at  the 
required  angle  with  its  quadrant,  moved  on  a  guide  which  corresponds 
to  the  second  movement  of  the  stage  and  extended  by  a  measured 
projection  from  its  pivot  till  it  reaches  the  objective  point  in  the 
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grating.  The  process  is  exactly  repeated  in  the  operating  instru- 
ment; the  needle  is  set  at  the  same  angle  by  the  quadrant^  moved 
the  same  distance  from  zero  by  the  second  movement  of  the  stage, 
the  first  having  been  employed  to  bring  it  to  the  lamella  represented 
by  the  grating,  finally  extended  the  same  distance  from  its  pivot,  and 
the  result  must  be  to  bring  it  to  the  same  objective  point  in  the 
lamella  which  it  has  reached  in  the  grating  of  the  indicator.  The 
extension  of  the  needle  in  the  stereotaxic  instrument  is  read  by  the 
millimeter  scale  of  the  inclined  needle  on  the  left  of  the  bed  (110) 
and  an  adjustable  index  (PL  Y,  79)  attached  to  the  outer  sheath. 
The  excursion  of  the  bed  in  the  inner  sheath  and  of  the  inner  in  the 
outer  sheath  both  affect  the  relation  of  the  scale  on  the  bed  to  the 
index  on  the  outer  sheath  equally,  so  that  the  two  movements  are 
practically  identical  and  are  read  indifferently  from  the  same  scale 
and  index.  This  adjustable  index  is  set  as  follows:  The  point  of 
the  needle  is  made  to  coincide  with  the  extremity  of  the  stop,  the 
pivot  stop  line  (marked  P.  8,  on  the  back  of  the  inner  sheath)  is  made 
level  with  the  top  of  the  outer  sheath ;  this  brings  the  stop  and  point 
of  the  needle  level  with  the  center  of  the  pivot,  and  the  adjustable 
index  is  then  set  at  zero  on  the  indicator  scale  (on  the  left)  (PI.  XIV, 
110).  It  will  register  the  distance  of  the  point  of  the  needle  from  the 
pivot,  whether  the  former  is  moved  by  racking  it  through  the  stop 
or  by  sliding  one  sheath  in  the  other.  Whichever  needle  is  employed, 
it  is  racked  through  the  stop  to  the  objective  point,  which  has  already 
been  reached  by  the  pilot.  The  subsequent  manipulation  is  explained 
in  the  separate  description  of  each  variety  of  needle. 

Equatorial. — (PI.  XXX.)  When  the  equatorial  is  employed,  the 
foregoing  procedure  requires  little  modification.  After  the  head 
has  been  adjusted  in  the  head-vice,  the  gauging  and  drilling  cage 
(PI.  XXXIV)  is  applied  and  the  dimensions  of  the  cranium  taken 
with  the  needle  gauge  (26)  fitted  to  that  instrument.  The  gratings 
(8,  12,  16)  of  the  three-dimensioned  indicator  (Pis.  XXVII, 
XXVIII),  which  is  always  employed  with  the  equatorial,  are  set  in 
accordance  with  the  measurements  of  the  cranium  and  the  index  point 
is  defined  by  the  index  needles  (PI.  XXVIII)  in  accordance  with 
the  measurements  of  the  objective  ascertained  by  the  chart  The 
index  point  is  fixed  in  this  position  and  the  vertical  screen  (16)  and 
horizontal  index  needle  (28)  are  removed,  leaving  the  index  point 
exposed  and  easily  approached  from  any  position  by  the  operating 
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needle  in  the  equatorial.  The  equatorial  carrying  the  pilot  needle  is 
then  applied  to  the  slots  of  the  indicator  and  fixed  with  the  clamping 
screws.  The  pilot  needle  is  set  at  any  required  angle  and  directed 
from  any  selected  position  and  projected  till  its  point  is  in  contact 
with  index  point;  all  clamping  screws  of  the  equatorial  are  now  fixed, 
the  length  of  needle  projected  to  make  contact  with  the  index  point 
noted  on  the  scale  and  the  needle  then  retracted  suflSciently  to  be  out 
of  the  way.  All  this  can  be  carried  out  a  day  or  two  before  the  opera- 
tion, and  it  is  desirable  that  this  should  be  done  so  that  the  actual 
operation  may  be  performed  as  quickly  as  possible;  but  in  any  case 
when  the  equatorial  has  been  set  in  the  way  described,  it  is  tranrferred 
bodily  from  the  indicator  to  the  corresponding  slots  in  the  head-vice, 
fixed,  and  the  pilot  needle  projected  till  the  point  touches  the  cranium 
and  the  point  of  contact  marked  with  ink  or  a  small  drill.  The 
pilot  needle  can  then  be  retracted  again  as  far  as  convenient  or  the 
whole  equatorial  removed  while  the  cranium  is  trephined  at  the 
marked  point.  A  5  mm.  trephine  is  usually  sufficient,  the  crown  of 
bone  is  removed  and  any  haemorrhage  from  the  diploe  arrested.  The 
equatorial  is  then  replaced,  if  it  has  been  removed,  and  securely  fixed, 
the  needle  is  pushed  in  till  the  stop  is  close  to  the  cranium,  where 
it  is  fixed,  and  the  needle  is  racked  in  through  dura  and  brain  till 
the  index  reaches  the  number  noted  on  the  scale  of  the  needle,  when 
the  point  of  the  pilot  will  be  at  the  objective.  The  pilot  is  then  with- 
drawn, another  needle  substituted,  and  the  required  operation  com- 
pleted. If  duplicate  equatorials  are  employed,  one  is  applied  to  the 
indicator  and  the  other  to  the  head-vice,  the  steps  of  the  operation  are 
carried  out  in  the  indicator  and  precisely  repeated  by  means  of  the 
corresponding  scales  in  the  instrument  attached  to  the  head. 

I  hope  that  as  the  application  of  this  method  becomes  known,  some 
medical  men  with  clinical  experience  who  encoimter  interesting  prob- 
lems in  the  anatomy,  physiology  or  surgery  of  the  brain,  but  who  have 
been  deterred  from  attempting  to  solve  them  experimentally  from 
want  of  technical  training,  may  be  encouraged  to  undertake  such 
investigations  when  they  realize  how  easily,  with  ordinary  surgical 
knowledge  and  a  little  practice,  the  necessary  operations  can  be  per^ 
formed  with  the  machine.  For  those  who  have  had  no  previous  experi- 
ence of  operations  on  animals  a  few  practical  suggestions  may  be 
useful. 
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Aiusftliefia. — Compared  with  the  monkey  the  cat  is  a  bad  sub- 
ject for  anaeethesia.  It  is  apt  to  collapse  under  chloroform  and  to 
get  the  bronchi  choked  with  excessive  secretion  under  ether.  In  yarious 
laboratories  certain  routine  methods  of  producing  anaesthesia  are  in 
favor  and^  when  this  is  the  case,  it  is  generally  advisable  to  follow 
them.  A  very  satisfactory  method  is  that  of  sending  a  current  of 
air  from  an  automatic  pump  through  a  Woulfe^s  bottle  containing 
chloroform  alone,  or  mixed  with  ether,  affording  a  regular  supply  of 
dilute  vapor  of  constant  strength.  Another  plan  often  adopted  is  to 
give  a  preliminary  dose  of  paraldehyde  by  the  mouth  or  urethane  or 
morphia  by  hypodermic  injection;  full  doses  produce  a  heavy  sleep 
in  which  a  very  small  quantity  of  chloroform  at  fairly  long  intervals 
is  sufficient  to  maintain  prolonged  and  deep  anaesthesia.  This  is  use- 
ful when  it  is  necessary  to  keep  the  animal  anaesthetized  for  a  long 
time,  as  in  stimulation  experiments,  but  with  operations  from  which 
the  animal  is  to  recover  it  is  not  advisable,  and  inhalation  of  a  mix- 
ture of  chloroform  and  ether  or  A.  C.  E.  as  the  only  anaesthetic  is 
preferable.  Great  advantages  are  claimed  for  various  inhalers;  most 
of  them  give  a  dilute  vapor  of  fairly  constant  strength,  which  is 
the  important  thing,  and  they  have  arrangements  for  increasing  or 
diminishing  the  strength  of  the  vapor  at  will  with  more  or  less  accu- 
racy. A  cloth  folded  into  a  cone  or  a  piece  of  wool  in  a  wide-mouthed 
bottle  will  serve  the  purpose  well  enough.  Cats  should  be  anaesthetized 
to  begin  with  under  a  large  bell  glass  which  easily  covers  them,  they 
will  submit  to  anaesthesia  so  induced  repeatedly  without  any  sign  of 
fear  or  aversion,  but  to  hold  the  animal  down  and  begin  the  admin- 
istration with  an  inhaler  excites  fear  and  resistance  and  probably 
necessitates  a  larger  dose  of  anaesthetic.  Once  it  is  applied  the 
anaesthetic  should  be  administered  continuously  until  the  animal  is 
fully  narcotized. 

Overdose  Fallacy. — The  belief,  which  has  been  sedulously  inculcated 
and  widely  accepted,  that  death  from  chloroform  is  invariably  due  to 
an  overdose,  in  quantity  or  concentration,  is  a  mischievous  fallacy 
that  has  probably  been  responsible  for  more  fatalities  than  any  other 
error.  Dr.  Goodman  Levy,*  who  has  made  many  valuable  observations 
on  this  subject  and  whose  work  is  well  known  and  widely  appreciated, 
has  proved  that  an  insufficient  dose  of  chloroform  is  an  effective  cause 
of  ventricular  fibrillation  which  is  prevented  by  a  more  liberal  admin- 
istration.   His  experiments  which  are  described  in  numerous  papers 
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are  convincing,  but  apart  from  his  precise  and  critical  methods  a 
very  moderate  experience  should  make  two  things  clear  to  everyone 
but  those  who  can  see  nothing  but  what  they  want  to:  (1)  That 
in  many  of  the  cases  of  death  from  chloroform  the  possibility  of  an 
overdose  can  be  absolutely  excluded;  (2)  that  when  it  occurs  in  such 
circumstances  the  symptoms  are  quite  distinct  from  those  due  to  an 
unquestionable  overdose. 

In  trifling  operations  in  man  when  the  surgeon  is  content  with  very 
light  anaesthesia,  the  administrator  is  cautious  and  the  narcosis  pur- 
posely incomplete,  the  possibility  of  danger  is  notorious;  and  in  ani- 
mals, especially  cats,  when  an  anaesthetic  is  resorted  to  merely  for 
convenience,  to  keep  the  animal  quiet  in  a  procedure  which  could  not 
cause  pain,  while  chloroform  is  being  administered  most  sparingly  and 
nothing  like  full  anaesthesia  has  been  obtained,  the  breathing  may 
suddenly  stop  without  warning.  Artificial  respiration  is  useless,  for 
when  the  breathing  ceases  the  heart  has  already  done  so  and  life  is 
extinct.  This  is  quite  different  from  what  occurs  with  an  overdose 
where  the  subject  is  fully  narcotized ;  the  breathing  becomes  labored 
and  stertorous  before  it  ceases,  the  heart  generally  continues  beating 
and  with  artificial  respiration,  inversion,  etc.,  recovery  or  death  may 
result,  but  there  is  generally  some  response  and  something  like  an 
effort  at  recovery.  In  the  laboratory,  with  cats  especially,  a  careful 
anaesthetist  who  believes  the  only  danger  is  from  an  overdose  and  has 
had  one  or  two  fatalities,  which  he  is  assured  were  due  to  that  cause 
though  they  were  really  due  to  his  caution,  may  become  over  anxious, 
give  a  very  small  dose  and  frequently  remove  the  inhaler  to  observe 
the  respiration,  keeping  the  animal  fluctuating  on  the  verge  of  narcosis, 
which  is  the  very  way  to  produce  the  result  he  is  so  anxious  to  avoid ; 
whereas  a  laboratory  boy  or  an  inexperienced  student  will  push  the 
anaesthetic  freely  without  any  mishap.  The  safest  plan  appears  to 
be  to  get  fairly  quickly  over  the  borderland  of  incipient  narcosis,  to 
employ  a  constant  vapor  containing  about  2  per  cent  chloroform  which 
may  be  slightly  increased  till  full  anaesthesia  is  established  and  slightly 
diminished  to  maintain  it,  but  applied  continuously  till  full  narcosis 
is  established.  A  practice  to  be  particularly  avoided  is  to  get  the 
animal  nearly  under,  then  remove  the  inhaler  aiid  let  it  partially 
recover. 

If  it  is  intended  to  keep  the  animal  alive  after  the  operation  every 
effort  should  be  made  to  avoid  shock  and  to  secure  the  most  rapid 
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recovery  possible;  it  is  a  mistake  to  hurry,  but  it  is  just  as  bad  to 
waste  time. 

Hsemorrhage  is  generaUy  insignificant  and  hardly  ever  severe.  Large 
vessels  are  not  often  encountered  and  still  more  rarely  wounded  by  the 
needle  in  the  substance  of  the  brain.  They  are  chiefly  met  with  in  the 
diploe  and  the  membranes.  A  sinus  can  be  avoided  by  making  a 
small  incision  in  the  dura  to  one  side  and  drawing  it  out  of  the  way 
of  the  needle  with  a  small  retractor.  Bleeding  from  the  vessels  on  the 
surface  of  the  brain  and  oozing  generally  can  be  checked  with  peroxide 
of  hydrogen  20  vol.  strength  applied  on  a  small  pledget  of  wool.  It 
is  also  sufficient,  as  a  rule,  to  stop  bleeding  from  the  diploe,  but  if 
this  shoxQd  be  obstinate  the  galvanic  plug  (PL  XXXV)  can  be  used. 
There  is  no  need  of  irrigation  with  hot  water  and  it  should  be  alto- 
gether avoided.  A  cafs  fur  is  very  long,  fine  and  close,  and  when  it 
is  saturated  with  hot  water  it  is  hard  to  say  how  long  it  takes  to 
dry.  The  cafs  natural  aversion  to  water  is  probably  due  to  the 
difficulty  of  getting  dry.  No  amount  of  rubbing  virith  cloths  is  quite 
effective.  It  is  not  a  desirable  proceeding  just  after  an  operation, 
and  to  let  the  animal  spend  the  night  with  a  wet  coat  is  most  objec- 
tionable. Operations  on  the  brain,  by  the  method  described,  produce 
so  little  disturbance  that  cats  generally  recover  from  them  very 
rapidly. 

Af ter-Treatment. — ^It  is  advisable  to  enter  in  the  notes  the  time  an 
operation  is  concluded  and  the  animal  returned  to  its  cage,  how  long 
it  is  after  when  it  gets  up  voluntarily  and  walks  about,  when  it  first 
takes  milk  and  meat,  begins  to  clean  itself,  and,  of  course,  its  condi- 
tion the  following  morning.  As  a  rule,  it  ought  to  have  got  up  of 
its  own  accord  and  be  sufficiently  sensible  to  come  when  it  is  called 
and  take  milk,  in  an  hour  from  the  time  it  is  put  back  in  its  cage,  and 
the  next  morning,  except  for  any  specific  disability  which  is  the  neces- 
sary and  intentional  effect  of  some  lesion,  it  should  be -perfectly  well; 
feeding  well,  cleaning  itself,  its  coat  and  eyes  bright  and  able  to  run 
about  the  laboratory,  jump  off  chairs  and  tables,  etc.,  as  if  nothing 
had  happened.  Of  course,  we  cannot  always  secure  such  good  results, 
but  an  ordinary  operation  shoxQd  not  be  considered  satisfactory  unless 
they  are  obtained.  The  accident  most  difficult  to  prevent  is  opening 
the  wound  before  it  has  healed.  Some  cats  will  constantly  rub  their 
heads  against  the  wires  of  the  cage  and  get  a  dressing  off  unless  it  is 
very  secure.    A  figure-of-eight  bandage  of  narrow  adhesive  plaster. 
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passed  under  the  jaws  and  alternately  in  front  of  the  ears  and  behind 
them  is  the  most  effective^  but  care  must  be  taken  not  to  bring  it  far 
enough  forward  to  interfere  with  the  movement  of  the  jaws.  If  it 
should  be  necessary  to  remove  it,  the  hair,  to  which  it  adheres,  must 
be  snipped  with  a  pair  of  scissors.  I  have  made  some  caps  which 
answer  fairly  well.  Two  longitudinal  wires  passing  from  just  above 
the  orbits  to  the  occiput  are  fastened  to  two  or  three  transverse  bands 
of  leather  or  poroplastic  which  extend  across  the  cranium,  one  in 
front  of  the  ears,  and  one  or  two  behind  them ;  they  converge  to  two 
rings,  one  on  each  side,  connected  under  the  jaws  with  a  strap  and 
buckle  and  the  cap  is  attached  to  a  leather  collar.  It  has  the  advan- 
tage of  being  quickly  applied  and  removed.  The  best  immediate 
dressing  is  a  single  layer  of  thin  gauze,  very  little  larger  than  the 
wound,  painted  with  a  thick  solution  of  celloidin  extending  for  some 
distance  over  the  skin.  The  celloidin  dressing  should  be  very  thin, 
for  if  several  layers  of  gauze  are  used  and  these  extend  much  beyond 
the  wound,  they  may  take  half  an  hour  to  dry,  involving  a  prolonga- 
tion of  anaesthesia  which  should  be  avoided. 
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9.  Orbital  brackets  which  are  hooked  over  the  lower  marglmi  of  the 
orbits  and  held  firmly  against  them  with  the  bit  (8)  and  screws 
(16). 

10.  Pillars  which  support  screw  rods  (12). 

11.  Split  nuts  with  conical  points  and  washers  (19)  which  are  applied  to 

screws  (16)  to  raise  bit  (8)  against  counter  pressure  of  orbital 
brackets  (9). 

12.  Screw  rods  for  measuring  posterior  margins  of  orbits,  the  deft  ex- 

tremities engage  the  margins  of  the  orbits;  when  screwed  up,  the 
base  of  the  cleft  Is  In  firm  contact  with  the  margin  of  the  orbit 
and  the  stud  (15)  Indicates  this  point  and  can  be  measured  from 
the  front  of  the  cage  with  a  depth  gauge.  The  margin  of  the  orbit 
can  be  measured  directly  with  a  depth  gauge  fitted  with  a  small 
transverse  bar  at  Its  extremity  and  this  method  Is  perhaps  more 
convenient  especially  with  the  measuring  cage  (PI.  XXXIV). 

13.  Screws  for  adjusting  screw  rods  (12). 

14.  Horizontal  arms  which  are  held  In  contact  with  lower  surfaces  of 

lateral  bars  (22)  of  head-vice  (PI.  VI).  When  they  are  In  this 
position  the  upper  surfaces  of  the  lateral  bars  are  level  with  the 
lower  margins  of  the  orbits. 
16.  Studs  corresponding  to  the  bottoms  of  the  deft  extremities  of  screw 
rods  (12)  and  consequently  to  the  posterior  margins  of  the  orbits 
which  they  serve  to  measure. 

16.  Screws  which  pass  through  the  slots  In  the  bit  (8)  and  with  the  split 

nuts  (11)  hold  the  bit  (8)  and  brackets  (9)  together  and  secure 
the  mask. 

17.  Front  of  mask  formed  by  a  sliding  joint  (17)  which  regulates  the  dis- 

tance between  the  orbital  brackets  (9).  The  joint  Is  fixed  with 
a  screw  (18). 

18.  Screw  for  fixing  sliding  joint  (17). 

19.  Conical  washer  of  split  nut  (11). 

PLATE  III.— LATERAL  VIEW  OP  HEAD  OP  CAT  WITH  MASK 

Lateral  view  of  head  of  cat  with  mask  and  ear  cones  In  position 
ready  to  be  Introduced  Into  the  head-vice  (PL  VI).  The  cones  are 
held  with  a  damp  (20)  which  Is  removed  when  the  tapered  ends 
of  the  aural  pivots  (26)  have  been  Inserted  Into  the  cones. 

The  defts  of  the  screw  rods  (12)  engage  the  posterior  margins 
of  the  orbits,  the  level  of  which  Is  marked  by  a  stud  (15)  on  the 
outer  surface  of  the  cleft  extremity  of  the  rod. 

Figures  the  same  as  In  Plate  II. 

20.  Clamp  to  hold  ear  cones  In  position  till  the  head  Is  fixed  In  the  head- 

vice. 

PLATE  IV.— FRONT  VIEW  OP  SAME  HEAD  AS  PLATE  III 
Numbers  as  before. 
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PLATE  VII 

Same  as  Plate  VI»  but  showins  cat's  head  in  position,  the  skin 
is  reflected  to  expose  frontal  sinus. 

PLATE  VIII 

Side  view  of  head-vice  with  cat's  head  in  position. 
Numbers  as  before. 

48.  Screw  to  fix  sliding  Joint  of  temporal  head  clamp. 

49.  Screw  to  fix  aural  pivot 

60.  Screw  to  fix  sliding  Joint  of  mastoid  head  clamp. 

61.  Screws  to  fix  frontal  bar  to  lateral  bars  of  head-vice. 

62.  63.  Removable  legs  of  head-vice. 

PLATE  IX.— EXTENSIBLE  SCALES 

1.  Scale  of  rectilinear  needle. 

2.  Scale  of  transverse  guide. 

3.  Scale  of  longitudinal  guide. 

55.  Spiral  spring  enclosed  in  tube. 

56.  Tube  open  down  one  side  to  expose  spirals  of  spring. 

57.  Screw  rod  attached  to  free  end  of  spring. 

58.  Neck  of  tube  over  which  milled  head  (60)  screws  and  fixes  rod  (67). 
69.  Milled  head  which  moves  the  spiral  spring  as  a  whcle  in  the  tube. 

60.  Milled  head  which  screws  over  neck  of  tube  (68)  and  fixes  rod  and 

spring. 

61.  Fine  adjustment  of  rod  and  spring. 

62.  Ivory  millimeter  scale  attached  to  tube  by  spring  clip  (63). 

63.  Spring  dips. 

PLATES  X  AND  XIII 

These  two  plates  should  be  examined  together  and  OHnpared 
with  Plates  XI  and  XII. 

C^e,  traveling  stage  and  vertical  needle  in  holder.  First  posi- 
tion viewed  from  the  front 

PLATE  X 

64.  Horizontal  frame  of  cage. 

65.  Front  legs  of  cage. 

66.  Back  legs  of  cage. 

67.  Front  feet  of  cage. 

68.  Back  feet  of  cage. 

69.  Frame  of  traversing  stage. 

PLATE  XI 

All  parts  of  the  stereotaxic  instrument,  with  stage  and  inclined 
needle  in  sixth  position.  Stage  applied  to  left  face  of  cage.  Viewed 
from  left  front   Figs.  66  and  66  should  be  transposed. 
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PLATB  XII 

The  whole  rectilinear  instrument,  with  stage  and  rectilinear 
needle  in  seventh  poeltion.  Stage  applied  to  rear  face  of  cage. 
Needle  facing  left  and  viewed  from  left  rear. 

140.  Switch.  Movable  and  can  be  fixed  to  any  comer  of  cage. 
It  receives  the  two  battery  leads  and  directs  the  current  from 
either,  to  (I)  needle,  (II)  stop,  or  (III)  frame  of  instrument  as 
required. 

PLATB  XIII.— TRAVERSING  STAGE 

With  ivory  and  extensible  scales  mounted,  but  without  needle- 
holder.    Viewed  from  above. 

(Comparison  of  these  four  plates  will  give  a  fairly  clear  idea  of 
the  cage,  traversing  stage,  and  needle-holder  and  their  relations  in 
various  positions. 

In  using  the  terms  anterior  and  posterior,  front  and  back,  right 
and  left,  etc.,  the  stage  is  assumed  to  be  in  the  first  position — 
above  the  cage,  the  needle  vertical  and  facing  forwards.  Right 
and  left  apply  to  the  head  in  the  frame,  not  to  the  observer. 
70a,  705.  Transverse  guides  of  traversing  stage  both  engraved  with  milli- 
meter scales.  The  scale  on  the  anterior  guide  (70a)  is  <mly  used 
in  the  fifth  and  sixth  positions  where  the  stage  is  applied  to  right 
or  left  face  of  cage  and  shows  height  of  transverse  needle  above 
surface  of  frame,  viz,,  basal  zero  plane.  The  scale  on  the  posterior 
guide  (70&)  is  employed  in  all  other  positions.  The  distance  of 
the  needle  is  reckoned  from  both  sides  of  a  zero  in  the  middle  of 
the  scale. 

71.  Traveling  carrier  of  needle-holder. 

72.  Outer  sheath  of  needle-holder  with  V-slide  to  receive  inner  sheath. 

73.  Pinion  for  longitudinal  movement  of  traversing  stage. 

74.  Screws  for  fixing  Icmgitudinal  movement  of  traversing  stage. 
76.  Pinion  for  transverse  movement  of  traversing  stage. 

76.  Screw  for  fixing  transverse  movement  of  traversing  stage. 

77.  Quadrant  for  measuring  inclination  of  needle. 

78.  Screw  for  fixing  inclined  needle. 

79.  Adjustable  Index  on  outer  sheath  for  reading  millimeter  scale  on  left 

of  bed  of  needle-holder,  for  use  with  inclined  needle.  Compare  with 
Plate  X. 

80.  Index  for  reading  the  longitudinal  movement  of  stage  on  three  scales: 

(1)  Engraved  scale  (91)  on  longitudinal  guide;  (2)  ivory  scale 
(88)  which  coincides  with  it;  and  (3)  extensible  scale  (82)  be- 
tween them. 

81.  Index  for  reading  transverse  movement  of  stage,  on  three  scales  at 

once,  in  the  fifth  and  sixth  positions;  on  the  engraved  scale  of  the 
anterior  guide,  the  ivory  scale  and  the  extensible  scale.  In  all 
other  positions,  on  the  engraved  scale  of  the  posterior  transverse 
guide  and  the  ivory  and  extensible  scales. 
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82.  Extensible  scale  (longitudinal). 

83.  Extensible  scale  (transverse). 

84.  Sockets  for  longitudinal  extensible  scale. 

86.  Screws  to  hold  longitudinal  scale  in  sockets  (84). 

86.  Sockets  for  transverse  extensible  scale. 

87.  Screws  to  hold  transverse  extensible  scale  in  sockets  (86). 

88.  Ivory  millimeter  scale  (longitudinal). 

89.  Ivory  millimeter  scale  (transverse). 

90.  Clamp  to  fix  traversing  stage  to  cage. 

91.  Longitudinal  guides  of  traversing  stage,  one  engraved  with  millimeter 

scale. 

92.  Millimeter  scale  on  anterior  transverse  guide  used  in  fifth  and  sixth 

positions  to  show  height  of  needle  above  basal  zero  plane. 

PLATE  XIV.— NEEDLE-HOLDER 

98.  A  double-barrelled  insulated  needle,  platino-iridium  and  glass  tor 
stimulation  or  electrolysis,  mounted  on  special  bed  of  needle-holder 
with  extensible  and  millimeter  scales  and  electrical  connections. 

98.  Inner  sheath  in  which  ivory  bed  travels  by  rack  and  pinion  and  carries 
the  needle  with  it  beyond  the  stop  (97).  The  movement  is  read  by 
an  adjustable  index  (113)  and  the  extensible  and  millimeter  scales 
(111)  and  (112). 

94.  Ivory  bed  upon  which  the  insulated  needle  (98)  is  fixed. 

96.  Head  of  pinion  by  which  the  ivory  bed  (94)  is  moved  in  the  inner 
sheath  (93)  and  the  needle  projected. 

96.  Head  of  screw  by  which  the  inner  sheath  (93)  is  locked  when  required 

in  the  outer  sheath  (PL  XIII,  72). 

97.  The  stop.    It  consists  of  two  brass  Jaws  lined  with  ivory  and  approxi- 

mated with  the  tension  desired  by  means  of  a  screw  (99). 

98.  Point  of  insulated  needle. 

99.  Tension  screw  to  close  Jaws  of  stop. 

100.  Sliding  shunt  by  which  stop  can  be  connected  with  the  terminal  (101) 

for  stimulati(m  with  live  stop. 

101.  Terminal  of  lead  (118)  for  bringing  stop  into  circuit. 

102.  Jaws  for  centering  and  holding  needle,  covered  with  thin  rubber. 

103.  Ekx^entric  cams  which  open  and  shut  Jaws  (102).    The  surfaces  of  the 

milled  heads  of  the  cams  are  marked  with  lines  and  when  the 
lines  converge  at  corresponding  angles,  the  Jaws  are  equidistant 
from  the  middle  line,  i.  e.,  the  needle  is  centered. 

104.  Swinging  arm  carrying  a  screw  which  terminates  in  a  small  plate 

notched  above  to  receive  apex  of  ivory  wedge  (106).    The  object, 
to   prevent   short-circuiting,   has   been   explained    ((Chapter    IV, 
PI.  XIV,  104). 
106.  Ivory  wedge,  the  apex  of  which  is  in  contact  with  the  end  of  the 
double  glass  tube  between  the  wires  of  the  needle. 


Digitized  by 


Google 


H4  B.  H.  Clarke 

106.  Tennlnals  fixed  on  lower  ends  of  brmae  thoee  (107).    Slits  reoelre  the 

wires  of  the  needle  which  are  h^d  with  screws  (106). 

107.  Brass  shoes.    Numbers  placed  close  to  slots  for  screws  which  hold 

shoes  on  bed,  but  permit  a  sliding  morement  regulated  by  screw 
(109). 
106.  Terminals  for  battery  or  switch  leads  (116, 117)  which  are  connected 
through  the  brass  shoes  with  the  wires  of  the  needle. 

109.  Screw  rods  fixed  by  one  end  to  the  brass  shoes  and  at  the  other,  pass- 

ing through  two  small  drums  with  double-milled  discs.  The  drums 
revolre  in  dips  and  are  easily  turned  with  the  point  of  one  finger 
and  effect  a  fine  adjustment  of  the  sliding  morement  of  the  shoes 
and  therefore  of  the  wires  at  the  point  of  the  needle. 

110.  Millimeter  scale  of  the  inclined  needle  (it  has  since  been  lengthened 

to  80  mm.).  It  is  read  by  an  adjustable  index  on  the  outer  sheath 
(PI.  X,  79)  and  shows  the  distance  of  the  point  of  the  needle  from 
the  plTOt  by  which  the  outer  sheath  is  attached  to  the  carrier  in 
the  trarersing  stage.  A  measurement  always  employed  with  the 
inclined  needle. 

111.  Extensible  scale. 

118.  iTory  millimeter  scale.  These  are  scales  of  the  rectilinear  needle. 
When  in  use  a  selected  spiral  is  made  to  cc^ncide  with  sero  of 
the  irory  scale.  The  index  reads  the  number  of  spirals  and  the 
number  of  millimeters  together.  A  stop  scale  is  marked  on  both 
sides  on  the  adjacent  borders  of  the  inner  and  outer  sheaths.  It 
shows  the  distance  in  millimeters  of  the  extremity  of  the  stop 
from  the  sero  plane  to  which  it  is  perpendicular  and  is  a  constant, 
i,  €.,  a  measurement  of  the  instrument  If  the  needle  is  racked 
down  till  its  point  coincides  with  the  extremity  of  the  stop  and  the 
adjustable  index  (113)  is  made  to  read  the  same  on  the  ivory  scale 
(112)  as  the  stop  scale,  that  figure  must  show  the  distance  of  the 
point  of  the  needle  from  the  sero  plane  in  millimeters  and  the 
index  at  the  same  time  shows  the  number  of  spirals  or  coordinates 
on  the  extensible  scale  (111). 

113.  Adjustable  index  which  reads  both  scales  of  the  rectilinear  needle 

together. 

114.  Slide  which  carries  adjustable  index  (118). 
116.  Screw  to  regulate  friction  of  pinion  (96). 

116,  117.  Positive  and  negative  leads  from  battery  or  switch  to  needles. 
118.  Lead  from  battery  or  switch  to  terminal  (101)  connected  with  stop 
(97)  by  shunt  (100). 

PLATE  XV.— INSULATED  NEEDLES 

Three  forms  of  platino-iridium  needles  insulated  in  glass  tubes, 
actual  size  and  enlarged. 
,  1.  Single  needle. 

2.  Double-barrelled  needle. 
8.  Ck)ncentric  needle. 
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PLATE  XVI.— CUTTING  NEEDLES  AND  BEDS 

I.  Pilot  Needle  and  Bed 

1.  Pilot  needle. 
110.  Indicator  scale  for  inclined  needle. 

113.  Index  tat  rectilinear  needle. 

114.  Slide  for  adJusUng  index  (113). 

118.  Screw  head  senring  as  handle  for  introducing  pilot  needle. 

120.  Clamp  which  holds  pilot  needle. 

II.  Ctolotomb  and  Its  Bed  Fitted  Into  Inneb  Sheath 

1.  Shaft  of  hollow  needle. 

2.  Cylinder  which  fits  into  clamp  (119). 

3.  Bfilled  disc  which  rotates  needle  (1). 

4.  Cylinder  graduated  in  millimeters  read  by  lower  edge  of  (6) ;  shows 

distance  concealed  knife  (7)  is  projected. 
6.  Cylinder  which  screws  down  over  (4)  on  which  its  lower  edge  serres 
as  index  to  read  graduation.    It  is  rotated  by  milled  disc  (6)  and 
carries  a  wire  which  passes  down  hollow  needle  (1)  and  is  con- 
nected with  concealed  knife  (7)  which  it  projects. 

6.  Milled  disc  which  rotates  cylinder  (5). 

7.  Watch-spring  concealed  knife  which  can  be  projected  4  mm.  and 

withdrawn  by  rotating  (6). 
9.  Milled  disc  which  with  (3)  fits  the  damp  (119)  and  prerents  any 
longitudinal  displacement  of  needle. 

118.  Screw  head  which  serves  as  handle. 

119.  ClBmp  which  holds  cylinder  (2)  with  moderate  fricticm  effected  by 

screw  (121) ;  it  checks  but  does  not  prevent  rotation  of  cylinder. 

121.  Screw  which  holds  damp  (119)  and  regulates  friction. 

The  following  parts  seen  in  this  figure  are  also  shown  in  Plate 
XVI,  114,  and  hare  the  same  numbers. 

98.  Inner  sheath. 

96.  Head  of  pinion  by  which  bed  is  moved  in  inner  sheath. 

96.  Screw  by  which  inner  sheath  is  locked  in  outer  sheath. 

97.  Stop. 

99.  Tensi(m  screw  to  dose  Jaws  of  stop. 

100.  Shunt  for  bringing  stop  into  drcuit 

101.  Terminal  of  lead  for  connecting  stop. 
110.  Scale  of  inclined  needle. 

113, 114.  Adjustable  index  for  scales  of  rectilinear  needle. 
116.  Screw  to  regulate  friction  of  pinion  (96). 

in.  (^TTHOTOMB 

Numbers  as  in  IL 

8.  Wire  whldi  is  ccmnected  with  ooncealed  knif^  (7). 
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IV.   MU88KN'S    SPHnOTOlOB 

Numbera  as  in  II. 

V.  Fni*  Stbil  Tube 

For  introducing  drugs,  etc 

1.  Tube. 

2.  Cylinder  held  by  clamp  (119). 

10.  Funnel. 

11.  Rod  which  flU  tube  (1). 

PLATE  XVI  A 

Design  for  improred  bed  for  cutting  needles,  especially  fine 
hypodermic  needles  from  which  a  steel  wire  can  be  projected  at  a 
right-angle  for  2  or  3  nmi. 

1.  Bed  which  is  made  of  brass  and  fits  the  inner  sheath  (PI.  XIV,  93)  of 

the  needle-holder.  The  rack  shown  on  the  edge  of  the  bed  is 
engaged  by  the  pinion  (96)  attached  to  the  inner  sheath  and 
serves  to  project  or  withdraw  the  needle. 

2.  Adjuitable  index  for  reading  the  scale  of  the  needle  in  the  rectilinear 

instrument 

3.  Indicator  scale  for  inclined  needle. 

4.  Screw  head  which  serves  as  a  handle  for  introducing  or  removing 
bed  (1)  from  inner  sheath  (93). 

5.  Outer  Cradle, 

6.  Inner  Cradle, 

7.  8.  Upper  and  lower  end  plates  of  outer  cradle. 
9, 10.  Upper  and  lower  end  pUUes  of  inner  cradle. 

11.  Rectangular  center  rod  pivoted  in  the  slots  of  the  upper  and  lower 

end  plates  of  outer  cradle.  It  traverses  the  inner  cradle  from  one 
end  plate  to  the  other  and  is  fixed  to  both.  It  therefore  supports 
the  inner  cradle  and  when  rotated  on  its  pivots  effects  a  rotation 
of  the  inner  in  the  outer  cradle.  The  center  rod  has  a  circular 
groove  at  the  point  where  it  engages  the  slot  (13)  of  the  upper 
end  plate  (7)  to  facilitate  rotation  of  the  rod  and  prevent  its  lon- 
gitudinal displacement 

12.  Cross  handle  attached  to  end  of  center  rod.    The  four  arms,  C(MTe- 

sponding  to  the  four  surfaces  of  the  rod  and  inner  cradle,  indicate 
quarter  turns  of  the  latter. 

13.  Blot  in  upper  end  plate  of  outer  cradle.    It  engages  the  circular  groove 

in  the  center  rod  (11). 

14.  Spring  bar  which  holds  center  rod  (11)  in  the  slot  (13)  of  upper  end 

plate. 

15.  fifpHni^  to  hold  (14). 

16.  Screw  thread  which  occupies  a  few  millimeters  of  the  oenter  rod  (11) 

and  on  which  the  milled  disc  (17)  moves  the  clamp  (18). 
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17.  Milled  disc  which  travelB  a  few  millimeters  up  and  down  (16)  carry- 

ing the  damp  (18)  and  wire  (19)  with  it 

18.  Sliding  clamp  in  which  the  end  of  the  wire  (19)  is  fixed.    A  circular 

groove  at  the  upper  end  of  the  clamp  is  engaged  hy  a  corresponding 
feathered  edge  on  the  lower  surface  of  the  milled  disc  (17).  flota- 
tion of  the  disc  does  not  turn  the  clamp,  owing  to  the  square  sec- 
tion of  the  center  rod  on  which  it  slides,  hut  causes  it  to  trarel  up 
and  down  the  center  rod  as  far  as  the  milled  disc  (17)  mores  on 
the  screw  (16). 

19.  Wire  which  passes  down  hollow  needle  (29)  and  is  continuous  with 

watch-spring  knife  (19)  which  it  causes  to  project  from  the  slot 
near  the  end  of  the  needle. 

20.  Slot  in  clamp  (18)  to  hold  wire  (19). 

21.  Rinff  which  screws  over  tapered  nozzle  (22)  of  sliding  clamp  (18) 

causing  the  slot  (20)  to  grip  the  wire  (19). 

22.  Tapered  end  of  sliding  cUimp  provided  with  screw  thread  for  ring 

(21)  which  makes  a  vice  of  slot  (20)  to  hold  wire  (19). 

23.  Index  of  millimeter  scale  (24)  showing  length  of  wire  or  knife  (19) 

projected  from  needle  (29). 

24.  Millimeter  scale,  adjustable. 

25.  Hollow  tapered  nozzle  screwed  to  lower  end  plate  (10)  of  inner  cradle 

(6)  which  engages  the  socket  (26)  of  the  needle;  nozzle  of  differ- 
ent sizes  for  different  needles  can  be  employed  and  interchanged. 

26.  Socket  of  needle, 

27.  Stud  which  engages  slot  (28)  in  socket  (26)  of  needle  prevents  dis- 

placement and  ensures  the  projection  of  the  wire  or  knife  in  the 
same  direction. 

28.  Slot  in  socket  {26)  of  needle  for  stud  (27). 

29.  Shaft  of  needle. 

30.  Orifice  from  which  knife  or  wire  (19)  is  projected  from  needle. 

31.  Slot  in  lotoer  end  plate  (8)  to  receive  the  needle  which  thus  forms  the 

lower  pivot  on  which  the  inner  cradle  rotates. 

32.  Cross  bar  with  V-ehaped  notch  on  posterior  edge  to  engage  the  needle 

(29)  and  hold  it  in  slot  (31). 

PLATE   XVII.— DRAWINGS    OP  THREE   CUTTING   NEEDLES 
The  three  following  needles  all  fit  the  same  bed  as  (II). 

VI.  VEBTICAL   CrOLOTOliB 

For  making  circular  or  dlscHshaped  incisions  with  a  sheathed 
knife  in  a  plane  parallel  to  the  axis  of  the  needle. 

III.  Obthotomk 

For  making  small  incisions  with  concealed  knife  in  the  same 
direction  as  the  needle  and  parallel  to  it 
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IV.  Mitbskn's  Sphiboioicb 

For  catting  small  spheroidB  with  concealed  knife. 
These  needles  hare  been  explained  (Chaps.  I  and  IV). 

PLATBS  XVIII.  XIX,  XX,  XXI 

These  four  plates  show  the  instnimeot  with  a  cat's  head  in  posi- 
XXgh.  and  the  needle  applied  in  the  first,  sixth  and  serenth  positions. 

The  parts  have  not  been  numbered,  as  thej  have  all  been  de- 
scribed in  prerions  plates. 

PLATBS  XXII,  XXIII,  XXIV.— THB  NBBDLB<}AUQB 

These  three  plates  illustrate  the  needle-gange  which  was  used 
with  the  rectilinear  machine  originally  and  which  will  meet  the 
requirements  of  those  who  hare  that  machine,  but  have  not  pro- 
cured the  drilling  and  gauging  cage  (PL  XXXIV).  The  gauge 
shown  in  these  plates  was  constructed  before  the  three  diameters 
of  the  cage  had  been  made  identical,  so  it  is  provided  with  an 
adjustable  index  and  a  scale  to  set  it  and  the  figures  for  the  three 
diameters  of  the  cage  are  engraved  on  one  of  the  feet  (132).  In 
future  the  adjustable  index  and  extra  scale  will  not  be  required. 
The  index  (148)  will  be  at  sero  on  scale  (135)  when  the  point  of 
the  needle  or  cap  (138)  is  at  the  sero  plane  perp^idicular  to  the 
needle.  In  all  other  respects  the  application  of  the  gauge  will  be 
the  same  as  that  shown  in  the  plates.  In  Plates  XXIII,  XXIV,  the 
gauge  is  shown  applied  to  the  cage  for  measuring  the  vertical 
diameter  of  the  head.  In  Plate  XXIII  the  adjustable  index  (139) 
is  at  sero  on  the  scale  (136),  the  index  (142)  having  been  brought 
to  62  on  the  scale  (134).  This  being  the  figure  engraved  at  (182) 
for  vertical  measurement,  the  point  of  the  needle  is  seen  at  the 
interaural  line.  (PI.  XXIV)  shows  the  gauge  applied  to  the  head 
in  the  cage,  the  needle  penetrating  the  integuments  is  in  contact 
with  the  surface  of  the  cranium  and  the  adjustable  index  reads  80, 
showing  that  in  the  frontal  zero  plane,  in  the  mid-sagittal  line, 
the  distance  from  the  interaural  line  to  the  vertex  is  30  mm.  in 
this  head. 

The  cylindrical  needle  gauge  (PI.  XXXIV,  26),  which  is  used 
with  the  drilling  and  gauging  cage  (PI.  XXXIV)  and  ^sdiich  fits 
the  same  slots  as  the  drill  guides  (7  and  8)  is  applied  in  the  same 
way.  When  the  point  of  the  needle  is  at  the  sero  plane  to  which 
it  is  perpendicular  the  index  reads  zero  on  its  scale,  and  when  the 
point  of  the  needle  is  in  contact  with  the  cranium,  the  scale  shows 
the  number  of  millimeters  between  the  zero  plane  and  the  point 
of  contact,  i.  e.,  the  required  dimension. 

Numbers  on  cage  and  head-vice  as  before  (see  Pis.  VI  and  X). 
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131.  Base  bar. 

132.  Feet    Right  and  left 

133.  Slide  block  which  travels  on  (131). 

134.  Millimeter  scale  for  setting  adjustable  index  (139). 

135.  Scale  for  measuring  depth  of  needle. 

136.  Graduated  gauge  ending  in  needle  (137)  and  cap  (138).     (Figures 

placed  on  screw  for  cap.) 

137.  Measuring  needle,  the  point  of  which  must  be  flush  with  cap  (138). 

138.  Cap  which  covers  needle.    When  screwed  home  the  point  is  level  with 

that  of  the  needle  and  measurements  can  be  reckoned  from  either. 

139.  Adjustable  index  set  at  zero  when  the  index  (142)  is  at  the  number 

on  the  scale  (134)  required  for  the  dimension  to  be  measured 
and  engraved  at  (132).    Not  required  in  future. 

141.  Screw  to  fix  adjustable  index  (139). 

142.  Index  of  slide  block  (133). 

143.  Screw  to  fix  slide  block  (133). 

PLATES  XXV-XXIX.— INDICATORS 
The  plates  illustrate  the  two-  and  three-dimensioned  indicates 
with  an  arrangement  of  adjustable  gratings  for  making  corrections 
for  size. 

The  pattern  with  a  ruled  card  described  (Chap.  Ill)  has  not 
been  constructed,  but  by  comparing  the  description  with  these 
plates  the  nature  of  the  modification  will  be  evident  When  the 
two-dimensioned  indicator  was  constructed,  scone  difllculty  was 
experienced  in  making  gratings  of  which  the  spaces  between  the 
threads  were  rather  less  than  1  mm.  The  purpose  of  the  instru- 
ment is  served  equally  well  if  it  is  enlarged  so  that  in  every  part 
as  well  as  the  gratings  nominal  millimeters  actually  measure  twa 
This  makes  the  instrument  inconveniently  large  if  the  gratings 
represent  a  whole  lamella,  but  as  the  objective  point  must  lie  in 
one  of  the  quadrants  formed  by  the  crossed  zero  lines  of  a  lamella, 
it  is  sufficient  if  that  quadrant  only  is  represented.  To  represent 
any  quadrant  in  any  lamella  in  three  dimensions  the  position  of 
the  instrument  and  of  the  zero  lines  must  be  variable;  the  bars, 
therefore,  which  define  the  zero  lines  are  adjustable  and  it  will  be 
found  that  by  changing  the  position  of  the  instrument  and  adjust- 
ing the  bars,  any  quadrant  can  be  represented.  In  future  it  will 
be  more  convenient  to  make  the  gratings  with  spaces  of  only 
1  mm.  and  representing  a  whole  lamella,  the  zero  lines  will  then 
be  constant  and  the  adjustable  zero  bars  unnecessary.  The  plan 
has  generally  been  followed  of  illustrating  instruments  which 
have  been  constructed  and  used  and  there  is  some  advantage  in 
showing  alternative  methods  which  are  practicable  even  if  they 
are  not  adopted. 
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PLATB    XXV.— ADJUSTABLE    GRATINGS   FOR   TWO-DIMENSIONED 

INDICATOR 

The  gratings  are  formed  of  silk  threads  stretched  between  oppos- 
ing pairs  of  swaj  bars.  The  threads  are  in  groups  of  fire,  alter- 
nately black  and  white.  The  spaces  between  the  threads  are  set 
to  measure  2  mm.,  or  more,  or  less,  by  inclination  of  the  sway  bars 
(S,  3)  (4,  4),  which  can  be  fixed  at  any  point  by  a  quadrant  and 
screw  (6, 6).  The  threads  pass  round  small  pegs  arranged  at  equal 
distances  on  the  bars.  Bach  pair  of  bars  is  kept  taut  by  a  spring 
and  tensicm  screw  (7,  8). 

1.  Vertical  threads  of  grating. 

2.  Transrerse  threads  of  grating. 

8. 8.  Pivoted  sway  bars  for  rertical  threads. 

4, 4.  Pivoted  sway  bars  for  transrerse  threads. 

6.  Quadrant  with  screw  for  fixing  vertical  pair  of  sway  bars. 

6.  Quadrant  with  screw  for  fixing  transrerse  pair  of  sway  bars. 

7.  Spring  and  tension  screw  for  rertical  threads.    See  PI.  XXVI. 

8.  Spring  and  tension  screw  for  transrerse  threads. 

9. 9.  Screw  nuts  which  receire  and  fix  sliding  plates  of  frame  of  indi- 

cator (PI.  XXVI,  10). 

PLATB  XXVI.— THE  TWO-DIMENSIONED  INDICATOR   (COMPLETE) 

The  rarious  parts  of  the  grating  already  shown  (PL  XZV)  can 
be  seen  beneath  the  frame  which  carries  the  quadrant  and  needle, 
sero  bars  and  scales.  For  conrenience,  the  whole  instrument  and 
all  the  scales  are  enlarged  in  the  proportion  of  2: 1.  Nominal 
millimeters,  therefore,  measure  2  mm.,  but,  as  the  enlargement  is 
proportional,  the  scales  in  the  indicator  correspond  with  those  of 
the  stereotaxic  instrument,  though  in  the  latter  the  scales  are 
in  actual  millimeters.  For  the  purposes  of  description  the  indi- 
cator is  assumed  to  be  in  the  first  position  of  the  needle  in  the 
stereotaxic  instrument,  i,  e.,  the  quadrant  abore,  facing  forwards, 
the  needle  inclined  in  the  direction  of  the  right  internal  capsule 
downwards  and  to  the  left  (the  obserrer's  right). 

10.  Frame. 

11.  Plates  by  which  the  frame  is  held  on  the  board  by  the  screw  nuts 

(9,  9).  When  these  are  relaxed,  the  whole  frame  can  slide  <m  the 
plates. 

12.  First  sero  bar,  representing  one  of  the  zero  planes.    It  always  repre- 

sents the  zero  plane  parallel  to  the  trarersing  stage  in  the  stereo- 
taxic instrument,  perpendicular  to  the  rectilinear  needle,  and  as 
that  is  a  constant,  the  distance  from  this  bar  to  the  pirot  of  the 
needle  (21)  is  a  constant  in  the  indicator,  and  if  the  bar  is  mored, 
the  frame  and  the  needle  more  with  it 

13.  Second  zero  bar  (a). 
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14.  Second  zero  bar  (&). 

The  objectire  po 
measured  from  two 
The  first  zero  bar  ( 
for  different  positio 
indicator  to  reprec 
together,  and  whicl 
second  zero  plane,  i 
cannot  be  distinguii 
adopted  for  that  pu 

16.  Is  placed  on  the  quadri 
on  which  the  quadri 
slides  on  the  guide 

16.  Index  for  reading  quad 

17.  Sheath  in  which  needl< 

18.  Quadrant  scale. 

19.  Screw  which  fixes  carri 

20.  Finder  needle. 

21.  PlTOt    The  pivot  itsell 

the  index  for  read 
point  to  pivot  in  m 

22.  Pointer  at  the  end  of  n 

23.  Screw  to  fix  needle  in 

24.  Transverse  guide.     C 

stereotaxic  instrun 

25.  Upper  millimeter  seal 
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zero  bar,  should  m< 
zero  bars  move  wit 
the  pivot  and  fram 

26.  Lower  millimeter  seal 

moving  with  it 

27.  Index  which  reads  scf 

tance  of  pivot  (21) 

28.  Finder  needle  and  its  i 

of  second  zero  bar 

29.  Pins  to  fix  first  zero  I 

removed. 

30.  Screw  to  fix  needle  in 
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PLATBS  XXVll-XXIX.— THE  THRBB-DIMBNSIONBD  INDICATOR 
L  Steel  bMe  plate. 

2.  Right  and  left  anterior  oolumnB  with  slots  for  feet  of  cage  or  equa- 
torial COTresponding  to  similar  slots  (42)  in  the  head-yice  (PL  VI). 
8.  Posterior  ditto. 

4.  Longitudinal  horisontal  grating  for  transverse  measurement    It  is 

composed  of  silk  threads  about  1  nmi.  apart,  the  spaces  being 
Tariable  by  inclination  of  the  sway  bars  (5). 

5.  Sway  bars  of  longitudinal  grating  (4). 

6.  Quadrant  with  scale  to  adjust  longitudinal  grating  (4). 

7.  Screw  to  fix  quadrant  (6). 

8.  Transverse  grating,  prefrontal. 
9,9.  Sway  bars  of  (8). 

10.  Quadrant  and  scale  for  adjusting  transverse  grating  (8). 

IL  Screw  to  fix  (10). 

12.  Transverse  grating,  postfrontal. 

13,13.  Sway  bars  of  (12). 

14.  Quadrant  and  scale  for  adjusting  transverse  grating  (12). 

15.  Screw  to  fix  (14). 

16.  VerUcal  graUng. 

17, 17.  Screws  to  fix  vertical  grating  to  plate  (1). 

18.  Bridge  which  supports  horisontal  radius  bar  (23). 

19.  Rotatory  and  sliding  Joint  of  horisontal  radius  bar  (23). 

20.  Screw  to  fix  Joint  (19).    The  figure  is  placed  over  the  pivot  of  the 

rotatory  Joint 

21.  Graduated  quadrant  for  adjusting  rotatory  Joint  (19). 

22.  Pinion  for  racking  horisontal  radius  bar  (23)  in  Joint  (19). 

23.  Horizontal  radius  bar. 

24.  Veriical  index  needle. 

25.  Sliding  Joint  and  fixing  screw  of  veriical  index  needle  (24). 

26.  Pinion  tot  racking  vertical  radius  bar  (27)  in  Joint  (30). 

27.  Vertical  radius  bar. 

28.  Sliding  joint  and  screw  of  horizontal  index  needle  (29). 

29.  Horisontal  index  needle. 

80.  Rotatory  and  sliding  Joint  of  vertical  radius  bar  (27). 

31.  Screw  to  fix  Joint  (30). 

32.  Sway  bars  of  vertical  grating. 

33.  Quadrant  of  veriical  grating. 

34.  Screw  to  fix  quadrant  (33).    (N.  B. — The  quadrant  of  the  vertical  grat- 

ing was  not  completed  when  the  other  plates  were  prepared.) 

White  threads  will  be  noticed  at  intervals  in  all  the  gratings; 
they  represent  all  the  standard  dimensions  in  the  cat  and  rhesus 
and  facilitate  direct  measurement  whether  this  is  adopted  as  the 
sole  method  or  to  verify  measurements  by  the  quadrant  scales. 

In  the  longitudinal  horizontal  grating  the  central  white  thread 
represents  the  median  longitudinal  plane.    Of  the  pairs  of  threads 
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IMtrallel  to  It  the  Inner  pair  represent  the  standard  transverse 
diameter  of  the  cranium  of  the  cat,  the  outer  the  same  dimension 
of  the  rhesus. 

In  the  transrerse  horizontal  grating  a  white  thread  at  the 
Junction  of  the  anterior  and  posterior  gratings  represents  the  Inter- 
aural  line,  and  four  other  threads  the  corresponding  anterior  and 
posterior  dimensions  in  the  same  standard  animals. 

Three  white  threads  in  the  rertical  gratings  represent  from 
helow  upwards  the  hasal  horizontal  plane  and  the  standard  rerti- 
cal measurement  of  the  cranium  in  the  cat  and  rhesus,  respec- 
tively. 

PLATE  XXVIII A 

A  method  of  identifying  and  representing  the  index  point. 

1.  Square  rod  sliding  vertically  without  rotating  in  the  slot  at  the  end  of 
the  horizontal  radius  bar  (23)  and  fixed  by  a  screw.  It  is  re- 
versible. 

2,3.  Horizontal  arms  carrying  rotating  crosses,  the  pivots  of  which 
represent  index  points  (4,  A';  6,  b'). 

4,  6.  Index  points.  Upper  and  lower.  Numbers  point  to  upper  ends  of 
tubes. 

4',  6'.  Lower  ends  of  tubes  which  may  serve  as  index  points. 

6, 7.  Arms  of  crosses. 

8.  Needle  which  passes  vertically  through  the  pivots  or  naves  of  the 
crosses  and  identifies  a  marked  mesh  in  the  horiz<mtal  grating. 

PLATE  XXIX.— THE  EQUATORIAL  APPLIED  TO  INDICATOR 

Shown  in  position  mounted  on  the  indicator  and  carrying  the 
needle-holder  (PL  XIV)  and  <H>erating  needle  (98),  the  point  of 
which  is  in  contact  with  that  of  the  index  needle  (24)  of  the  indi- 
cator.  Numbers  in  the  indicator  as  before. 

35.  Inner  ring  of  turntable  fixed  by  four  feet  (37,  38)  which  are  engaged 

in  the  slots  of  columns  of  the  indicator  (2  and  3). 

36.  Outer  ring  of  turntable  which  rotates  on  (36)  and  is  fixed  by  screw 

(39). 

37.  Anterior  feet  of  inner  ring  (36). 

38.  Posterior  ditto. 

39.  Screw  to  fix  turntable. 

40.  Arch  which  passes  across  the  outer  ring  and  convesrs  the  needle^sarrier 

(44)  which  traverses  it  by  a  sliding  movement  controlled  by  a 
fixing  screw  (46). 

41.  Rectilinear  guides  on  which  the  feet  of  arch  slide,  carrying  the  arch 

and  needle-holder  across  the  rings  of  the  tumtaUe  at  right-ancles 
to  the  direction  of  the  arch. 

11 
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The  numbeni  indioatinf  parts  of  the  head-Tice  and  cafe  as 
befm^;  those  referrinf  to  parts  of  the  drilling  apparatus  are  as 
follows: 
1,  t,  t,  4.  The  four  sides  of  the  frame  which  is  applied  to  the  cage. 
The  side  (4)  U  detachable  and  flU  on  to  (2  and  3)  bj  Joints  (IS 
and  14).    The  sides  (2  and  S)  carry  slide  blocks  (6  and  6).    The 
slide  blocks  are  adjusted  hj  millimeter  scales  and  indices  and  fixed 
with  the  screws  (9  and  11).    Ther  are  also  perforated  with  slots 
to  fit  the  sliding  cxlindrical  drill  guides  (7  and  8)  and  the  latter 
are  fixed  bj  the  screws  (10  and  12). 
S,  6.  Slide  blocks  for  drill  guides,  attached  to  sides  2  and  3  of  frame. 
1, 8.  C^Undrical  driU  guides. 
f,  IL  Screws  to  fix  (6  and  6). 
10, 12.  Screws  to  fix  (7  and  8). 

13, 14.  Joints  for  fixing  detachable  side  of  drilling  frame. 
1(,  10, 17, 18.  Clamps  for  attadiing  the  drilling  frame  to  the  ordinary 

cage  of  the  rectilinear  machine. 
If.  Screws  for  adjusting  the  height  at  the  frame  in  the  h(M*isontal  position 

for  longitudinal  drilling. 
32.  Needle  passed  through  opposite  pairs  of  drill  guides. 

In  Plates  XXXI  to  XXiXIII,  except  32,  all  numbers  abore  20 
are  numbers  preriously  applied  to  parts  of  the  head-rice  and  cage 
(see  Pis.  VI  and  X)  and  refer  to  the  same  parts  in  these  plates. 
PI.  XXXIV. 
1, 2, 3, 4.  Sides  of  frame  permanently  attadied  to  cage  for  rertical  and 

transTcrse  drilling  and  gauging. 
6, 0.  Slide  blocks  for  rertical  drill  guides  or  cylindrical  needle-gauge. 
7,8.  Drill  guides  shown  here  in  the  position  for  longitudinal  drilling 

and  trarersed  by  a  needle  (32). 
f,  11.  Screws  to  fix  slide  blocks  (6  and  0). 

10,12.  Screws  to  fix  drill  guides  (7  and  8)  or  needle-gauge  (26). 
13, 14.  Joints  for  attaching  removable  bar  (4)  of  drilling  frame. 
16, 16.  Anterior  and  posterior  transTcrse  horisontal  bars  which  are  raised 
or  lowered  by  slide  blocks  (21  and  22)  on  the  anterior  and  pos- 
terior legs  of  cage  and  carry  slide  blocks  (17  and  18)  perforated 
for  drill  guides  tw  longitudinal  drilling.    The  slots  also  fit  the 
needle-gauge. 
17, 18.  Slide  blocks  carrying  guides  for  longitudinal  drilling. 
If,  20.  Screws  to  fix  (17  and  18). 

21, 22.  Terminal  sliding  joints  of  horizontal  bars  (16  and  16).  The  joints 
are  raised  and  lowered  on  the  legs  of  the  cage,  adjusted  by 
millimeter  scales  and  fixed  with  screws. 
28.  Slide  blocks  which  can  be  raised  and  lowered  on  the  sides  (2  and  3) 
of  the  frame  attached  to  the  cage.  The  blocks  are  perforated  for 
drill  guides  for  transyerse  drilling  and  tor  needle  guage. 
24.  Screws  to  fix  (23). 
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26.  Screws  to  fix  drill  guides  (7  and  8)  or  needle-gauge  (26)  In  blocks 
(28). 

26.  CJjllndrlcal  needle-gauge. 

27.  Screw  ci^  of  needle-gauge.   For  measuring  the  surface  of  the  cranium 

the  needle  is  made  flush  with  the  ci^  hj  the  screw  (28)  and  the 
cap  is  then  remored. 

28.  Screw  for  projecting  or  withdrawing  needle  of  gauge  and  making  it 

flush  with  the  09. 
29,80.  Screws  to  fix  (21  and  22). 

81.  Needle  in  slots  of  blocks  for  transrerse  drilling. 

82.  Needle  in  slots  of  blocks  for  longitudinal  drilling. 
38.  Needle  of  cylindrical  gauge.    Projected  by  screw  (28). 

84.  Depth  gauge.   For  measuring  posterior  wall  of  orbit  (dhap.  VI). 

85.  Cross  bar  of  gauge  (84). 

PLATE  XXXV 

FlOUBB  I 

OalTanic  plug  for  arresting  haemorrhage  from  bone  after  tre- 
phining. 

1.  Expanding  copper  collar.    It  flts  the  trephine  hole  loosely  until  it  is 

expanded  by  drawing  up  the  irory  cone  (2). 

2.  Ivory  cone  which  expands  the  collar  (1). 

8.  Coj^per  ring  groored  on  its  under  surface  and  packed  with  moist  wooL 
It  rests  on  the  surface  of  the  cranium  encircling  the  trephine  hole 
and  by  the  counter-pressure  of  the  cone  and  collar  exerted  through 
the  bridge  and  screw  is  kept  in  firm  contact  with  the  bone. 

4.  Screw  which  draws  irory  plug  (2)  and  expands  collar  (1). 

6.  iTory  bridge  for  maintaining  counter-pressure  between  collar  (1)  and 
ring  (8),  thus  making  the  plug  self-retaining. 

6.  Screw  which  draws  collar  (1)  up  and  presses  bridge  (6)  down. 

7.  Terminal  connecting  battery  lead  with  collar  (1). 

8.  Lead  connected  by  terminal  which  is  not  seen*  with  copper  ring  (8). 

FlOUBB  II 

Nickel  self-retaining  plugs  for  keeping  flne  glass  or  platinum 
tubes  in  the  brain. 

1.  Plug  which  screws  into  trephine  hole. 

2.  Tube  which  flts  the  glass  or  platinum  tube  to  which  it  is  fixed  with  a 

drop  of  shellac.    A  small  disc  at  the  lower  end  oi  this  tube  flts  the 

hollow  plug  (1). 
8.  Glass  or  platinum  tube. 
4.  Screw  perforated  for  the  passage  of  the  glass  tube  flts  the  hollow  plug 

(1)  and  when  screwed  down  holds  the  nickel  tube  (2)  and  the 

glass  tube  within  it  in  place,  and  at  the  same  time  projects  only 

slightly  abore  the  surftu^e  of  the  bone. 
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In  practice  the  parti  1,  2,  S,  4  in  the  poeition  shown  are  all 
slipped  oyer  a  fine  pilot  needle  fixed  in  the  holder,  and  so  intro- 
duced into  the  trephine  hole  by  the  stereotaxic  mechanism.  The 
pilot  and  glass  needles  are  directed  to  the  required  point  in  the 
brain.  The  plug  (1)  is  screwed  into  the  trephine  hole,  the  tube 
(2)  is  then  slipped  down  till  the  disc  rests  in  the  bottom  of  the 
hollow  plug,  when  it  is  sealed  to  the  glass  tube  with  a  drc^  of  hot 
shellac 

Finally  the  ci^  (4)  is  screwed  down,  learing  the  end  of  the 
glass  tube  projecting  externally. 

FlOXTBB  III 

These  trephines  fit  the  handle  of  a  dental  engine;  they  are  pro- 
Tided  with  adjustable  stops  (2),  which  are  conTenient,  as  the 
arerage  thickness  of  bone  at  any  point  can  be  judged  approxi- 
mately from  the  charts. 

The  second  form  is  the  best,  as  it  will  in  future  be  fitted  with  a 
small  locking  screw.  If  it  has  not  quite  penetrated  the  bone  it  can 
be  lengthened  a  turn  or  two  at  a  time  and  reintroduced  and  the 
crown  of  bone  separated  without  risk  of  wounding  the  dura.  As 
the  trephines  can  be  changed  yery  quickly  in  the  handle,  it  is  best 
to  begin  with  one  with  a  fixed  center  pin  until  a  groore  is  cut 
and  then  substitute  one  with  a  sUyj^  but  no  pin. 

PLATE  XXXVI.— QUADRANT  CALCULATOR 

The  use  of  this  is  explained  in  Chapter  VII. 

1.  Vertical  scale  or  table. 

2.  Sector  or  inclined  scale. 

STEREOTAXIC  INSTRUMENT  FOR  SPINAL  CORD 
(PLS.  XXXVII,  XXXVIII  AND  XXXIX) 

A  stereotaxic  instrument  for  introducing  insulated  needles  for 
electrolysis  or  stimulation  of  small  areas,  or  tracts  in  the  spinal 
cord. 

PLATE  XXXVII 

Shows  the  instrument  from  the  front  with  the  balance  gauge  in 
position.  The  object  of  the  gauge  is  to  set  the  sheath  by  the 
quadrant,  so  that  either  the  pilot  or  the  insulated  needle  will  be 
perpendicular  to  the  sero  horisontal  line,  which  lies  on  the  surface 
of  the  posterior  columns  of  the  cord  in  a  transverse  section. 

PLATE  XXXVIII 
The  same  from  the  right  front  with  the  pilot  needle  in  position. 
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PLATE  XXXIX 

The  same  with  the  insulated  needle  in  position. 
1.  Cradle. 
2-6.  Leyers  with  spring  back  and  pinion  catches  for  gripping  rertebnu 

6.  Screw  for  transverse  moyement  of  stage. 

7.  Screw  to  fix  needle-holder  which  slides  in  sheath  (23). 

8.  Quadrant  for  setting  sheath  by  balance  gauge  (9). 

9.  Balance  gauge. 

10.  Millimeter  scale  for  transrerse  movement  of  stage  effected  by  screw 

(6). 

11.  Pilot  needle. 

12.  Screw  for  longitudinal  movement  of  needle  parallel  to  axis  of  spine. 

13.  Needle-holder. 

14.  Ivory  bed  of  needle-holder. 

16.  Clamp  for  glass  tube  of  insulated  needle. 

16.  Clamp  for  wire  of  insulated  needle. 

17.  Terminal  for  battery  wire. 

18.  Wire  and  glass  tube. 

19.  Scale  for  showing  distance  of  point  of  needle  from  transverse  sero 

line  on  surfkuse  of  posterior  columns. 

20.  Ad justable  index  for  scale  (19). 

21.  Vulcanite  stop  which  is  brought  into  contact  with  posterior  columns 

of  cord. 

22.  Fine  screws  for  extensi<m  of  bed  and  needle  measured  by  scale  (19) 

and  adjustable  index. 

23.  Sheath  of  needle-holder. 
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f  the  Rhesus  Monkey  (Macacus) 
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TRODUCTION 

^aphs  of  frontal  sections  of  the  cranium 
the  third  part  of  an  atlas  of  which  the 
ng  sagittal  and  frontal  sections  of  the  cat, 
f  before  the  war  as  supplements  of  the 
i  Xeurologie.  The  third  part  was  nearly 
enced  and  would  shortly  have  appeared  in 
ourse  all  arrangements  were  interrupted 
itely  postponed^  and  the  course  of  events 
ersion  to  this  arrangement  exceedingly 
istances  we  were  glad  to  avail  ourselves  of 
of  The  Johns  Hopkins  Hospital,  Balti- 
er  in  the  United  States.  The  use  of  the 
method  of  which  they  form  an  essential 
rst  number  of  the  atlas.  This  may  not  be 
ject  is  discussed  in  detail  in  a  description 
d  instruments  published  in  the  same  cover 
ig  a  repetition  of  the  explanation  unneces- 
te  here  that  the  sections  represented  are 
oximatcly  one  millimeter  thick;  the  head 
rith  a  saw  parallel  to  one  of  the  three  zero 
in  is  divided  for  topographical  purposes; 
rpendicular  to  the  first,  are  shown  in  each 
,  and  these  together  with  the  numl3er  of 
.  in  every  chart  for  identifying  any  cubic 
e  photographs  are  enlarged  two  diameters 
IS  of  size  in  three  dimensions  are  effected 
1  s<*ale  with  the  saw  and  the  addition  of 
limensions  of  the  chart  photographs,  when 
m  near  the  average  size  is  adopted  for  each 
in  the  standard  all  the  divisions  are  milli- 
>w  the  standard  in  any  dimension  the  same 
ained,  but  they  measure  more  or  less  than 
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afforded  us  all  the  assistance  in  their  power  and  the  accommodation 
available  in  a  period  of  continuous  migration  from  room  to  room 
occasioned  by  the  demolition  of  old  laboratories  and  the  erection  of 
new  ones,  until  finally  the  new  buildings  were  taken  over  by  the  War 
Office.  We  also  wish  to  express  our  thanks  to  the  Royal  Society  for  a 
grant  of  £30  towards  the  expenses  of  this  work. 
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Plate  XL. — Brain  of  rhesus  monkey.    1.  lateral  view,  upper  half:  2.  lateral  view,  lower 
half;   3,  lateral  view,  median  sagittal  section.     (Enlarged  2  diameters.) 
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Median  surface  of  right  hemisphere. 


Left  hemisphere  of  brain,  outer  surface. 


Surface  of  skull  from  left  side. 

XLI. — Projection  of  zero  planes  on  cranium  and  brain  of  rhesus  in  9it%, 
(Natural  size.     Dimensions  of  standard  rhesus  in  millimeters.) 
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Platk  XLIII. — Illustrations  of  cerebellum  of  rhesus  monkey,  cat  and  rabbit,  showing  corresponding  stmc- 
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of  flocculus;   9,  dorsal  paraflocculus,  lateral  process.     (Reduced  %,) 
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VII. 

Nervus  facialis. 

VIP. 

Radix  nervl  facialis. 

VIP. 

Genu  nervl  facialis. 

VIP. 

Nudeus  nervl  facialis. 

VIII. 

Nervus  acusticus. 

VHP. 

Nucleus  dorsalis  nervl  acustld. 

VIIP. 

(N.  D.)  Nucleus  Deiters. 

VIIP. 

(N.  B.)  Nucleus  Bechterew. 

VIIP. 

Tuberculum  acustlcum  (Tub.  Ac.). 

IX. 

Nervus  glossopharyngeus. 

IX». 

Nucleus  nervl  glossopharyngeL 

X. 

Nervus  vagus. 

x». 

Nucleus  dorsalis  nervl  vagi. 

x». 

Tractus  solitarius  nervl  vagi. 

v. 

Nucleus  amblguus  nervl  vagL 

XI. 

Nervus  accessorius. 

XI*. 

Nucleus  nervl  aocessorll. 

XII. 

Nervus  hypoglossus. 

XIP. 

Nucleus  nervl  hypoglossl. 

ABBREVIATIONS 

Al. 

Alveus. 

Aq. 

Aqueductus  cerebri. 

Br.  A. 

Brachium  anUcum. 

Br.  P. 

Brachium  postlcum. 

C.A. 

Cornu  ammonls. 
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C.Call. 

Corpus  eallomim. 

CCiUP. 

Corpus  callosum.  genu. 

CCaU*. 

Corpus  caUosum,  splenium. 

CCaU*. 

Corpus  callosum,  rostnun. 

CCaU*. 

Corpus  callosum,  columna. 

C.e. 

Capsula  externa. 

C.er. 

Capsula  eoctrema. 

CO-B. 

Corpus  genlculatnm  externum. 

C.  O.  I. 

Corpus  geniculatum  internum. 

Clilat. 

Chiasma. 

a. 

Claustrum. 

CM. 

Centre  mMian  (Lujs'). 

C.  Mam. 

Corpus  mammiUare. 

Com.  A. 

Commissura  anterior. 

Ck>m.  Cb. 

Commissura  oerebelU. 

Co.  m.  M. 

Maasa  intermedia. 

Co.  Po. 

Commissura  posterior. 

CO.CQP. 

Commissura  oollieuli  inferioris. 

C.P. 

Comu  posterius. 

C.Q.A. 

Colliculus  superior. 

C.Q.P. 

CoUiculus  inferior. 

C.R. 

Corpus  restiforma 

C.StlL 

Dec  Br. 

Decussatio  brachiorum  conjunetivorum. 

DocLu 

DecussaUo  l^nniscorum. 

Bp. 

Epiphysis. 

B.T. 

Eminentia  medialis  (teres). 

P.B.        1 
P.  Cu.     / 
P.G. 

Pasciculus  cuneatus. 

Pasciculus  gracilis. 

PI. 

Pasciculus  spino-cerebellaris  posterior  (Plech* 

sig). 

P.Ut. 

Puniculus  lateralis. 

P.  1.  d. 

Pasciculus  longitudinalis  medialis. 

P.  1. 1. 

Ptodculus  longitudinalis  inferior. 

Plo. 

Plocculus. 

P.M. 

Pasciculus  retroflexus  (Meynert). 

Por. 

Fornix. 

Poi*. 

Pornix,  oolumna  horizontales. 

Poi*. 

Pomix,  c<^umn»  anteriores. 

Foi*. 

Pomix,  fimbria. 

Por*. 

Pomix,  nucleus  proprius. 

Por». 

Pomix,  oolumne  posteriores. 

P.p. 

Puniculus  posterior. 

P.p.d. 

Pasciculus  predorsalis. 

G.D. 

Gyrus  dentatus. 
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G.  Hab. 

Ganglion  habenolA. 

O.P.        1 
OLP.       1 

Globus  pallidas. 

G.PL 

Glandola  pinoalis. 

Go. 

Fasdculiis    anterolatsralis    superfioi 

(Gowers). 

Gr.C. 

Grisea  centralis. 

Hab. 

Habenola. 

Hyp*. 

Hypophsrsis  pars  anterior. 

Hyp-. 

Hypophjrsis  pars  posterior. 

Hyp*. 

Hypc^hysis  pars  medialis. 

Inf. 

Infondibulnm. 

Ins. 

Insula. 

L.C. 

Locns  ceruleus. 

L.L. 

Lemniscus  lateralis. 

L.L.n.d. 

Lemniscus  lateralis,  nucleus  dorsalis. 

L.  L.  n.  m. 

Lemniscus  lateralis,  nucleus  medius. 

L.  L.  n.  V. 

Lemniscus  lateralis,  nucleus  yentralis. 

L.  M. 

Lemniscus  medialis. 

L.nLe. 

L.m.1. 

L.m.T. 

Lamina  medullaris  ventralis. 

UN. 

Locus  niger. 

UT. 

Lamina  terminalis. 

Mas&Int 

Massa  intermedia. 

N.A. 

N.  Am. 

NudeuB  amygdala. 

N.Amb. 

Nucleus  ambiguua 

N.B. 

Nucleus  Bechterew. 

N.C. 

Nucleus  caudatus  (caput). 

N.C». 

Nucleus  caudatus  (Cauda). 

N.  C.  R. 

Nucleus  corporis  restiformis. 

N.Cu. 

NudeuB  cuneatus. 

N.Gr. 

Nucleus  gracilis. 

N.D. 

Nucleus  Deiters. 

N.  D.  T. 

Nudeus  dorsalis  tegmentL 

N.  f .  1.  d. 

Nucleus  fasciculi  longltudinalis  medialis. 

N.U 

Nucleus  lateralis  thalaml. 

N.M. 

N.Pf. 

N.R. 

Nucleus  ruber. 

N.Sl. 

N.Sm. 

N.V. 

Nucleus  ventralis  thalamL 

N.  V.  gr. 

Nudeus  ventralis  grisee  centralis. 

N.  V.  T. 

Nucleus  ventralis  tegmentL 
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0.  ace. 

Ollra  accessoria. 

OF. 

Operculum  frontal^. 

OL 

Ollra  inferior. 

O.T. 

Operculum  temporale. 

P.O. 

Pedunculus  cerebri. 

PC.L 

Corpus  restlforme. 

P.  cm. 

Bracfaium  pontls. 

P.cs. 

Brachlum  conjunctlTum  cerebellt 

Pl.ch. 

Plexus  choroldeus. 

Pons. 

Pons  Vanrfli. 

P.  P.  C. 

Pes  pedunculi  cerebri 

PulT. 

Pnl.L 

PulTinar  lateralis  thalami 

Piil.m. 

PnlTinar  medialls  thalami, 

Put. 

Putamen. 

Py*. 

Tractus  pjrramldalls. 

Py'X. 

Decussatio  pyramldum. 

R.O. 

R.BP. 

Tractus  rubro-splnalia 

S.g. 

Substantia  gelatinosa. 

S.L. 

Septum  pellucidum. 

S.R. 

Substantia  Rolandi. 

S.  rt 

Substantia  reticularis. 

Str.t 

Stria  terminalis. 

Str.i. 

Stratum  zonale. 

Sub. 

Subiculum. 

T.Ac. 

Tuberculum  acusticum. 

Tap. 

Tapetum. 

T.C. 

Tuber  cinereum. 

T.O. 

Trigonum  olfoetorium. 

Tr.  cent.  teg.  Tractos  centralis  tegmentL 

T.So. 

Tractus  solitarius. 

T.sp. 

Tractus  tecto-q>inalis. 

tth. 

TsBuia  thalamL 

V.A. 

Ftociculus  thalamo-mamillaris  (ViCQ. 

d'Agyr) 

V.U 

Ventriculus  lateralis. 

Vn.III. 

Ventriculus  tertius. 

Vn.IV. 

Ventriculus  quartus. 

Vn.V. 

Ventriculus  quintus. 

Z.l. 

Zona  incerta. 

Z.r. 

Zona  reticularis. 
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